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Description 

This invention is concerned with the use of genetic engineering techniques in the modification of plants. 
The invention provides chimeric genes, ptasmid vectors, plants, plant seeds, plant tissue, cell cuttur s 

5 and piasmids arising in and from the use of such genetic engineering techniques in the modification of 
plants, and methods and compositions for controlling or combating insects in agriculture or horticulture. 

Tne invention is particularly directed towards introduction and integration of a chimeric gene coaing for 
a polypeptide toxin proouced by Bacillus thuringiensis or having substantial sequence homology to a toxin 
gene described below in piant cells and obtaining an insect controlling or combating level of expression of 

70 said poiypeotide toxin intracellular^ by transformed plant cells and their progeny. 

Recombinant DNA technology is currently used to genetically engineer certain microorganisms such as 
bacteria and yeast to synthesize specific proteins. Genetic engineering of higher organisms within the 
present state of technology requires that one or a few ceils be genetically engineered from which the entire 
organisms can develop. Among higher organisms, the cells of certain plants exhibit excellent regeneration 

is capability anc therefcre are considered potentially good material for the genetic engineering of such plants. 
Furthermore, in higher plants, a known system is available to introduce foreign DNA into the piant genome. 
Tnis system is provided by the tumor inducing piasmid from the gram negative soil bacterium Agrobac- 
terium tumefaciens. Agrobacterium can genetically transform piant cells by stabiy integrating T-ONA, a well 
defined fragment cf the Ti piasmid, into the plant cell genome. Recently, important progress has been 

20 made to facilitate the use of the Ti piasmid as a vector for plant genetic engineering. Small directly 
repeated sequences which flank the T-ONA (Border sequences) have been found to play a key roie in the 
T-ONA integration. Nononccgenic TI piasmid vectors have been constructed from which oncogenic tumor 
genes have been removed by an internal deletion in the T-ONA. These Ti piasmids still contain the border 
sequences and consecuently transfer T-DNA without tumor induction. An example of such a Ti piasmid 

25 derived vector from plant genetic engineering is pGV3850 which contains a substitution of the internal T- 
DNA gene by the ccmmonly used cloning vehicie pBR322. Several procedures have been developed to 
regenerate infected plants which contain the pGV3850. pGV3850 with the pBR322 sequences present in its 
T-ONA is an efficient accepter piasmid for gene transfer experiments in plant cells, indeea, genes cloned in 
pBR322 like piasmids are transferred to Agrobacterium and inserted via homologous recombination into the 

30 pGV3850 T-ONA in a single experimental step. 

Another major advance in the development of piant engineering technique is the use of plant regulatory 
sequences to express chimeric genes in plants. In general, these chimeric genes contain a promoter region 
derivea from a gene which is naturally expressed in piant ceils, the sequence to be expressed, and 
preferentially a 3' non-transiatec region containing a poiyacenylation site of a gene which is naturally 

25 sxDressed in plant ceils. For example, using the nopaline synthase promoter and bacterial antibiotic 
resistance genes, dominant selectable markers for plant ceils have been constructed. 

Although certain chimeric genes have now successfully been expressed in transformed plant ceils, such 
exoression is by no means straightforward. Various lines of evidence indicate that the ievei of expression of 
the foreign genes of non-plant origin not oniy varies greatly in different transformed tissues but are in 

jo general very low. Such low levels of gene expression could be due to several reasons: first, incomolete 
transcription of the gene resulting from inadvertent transcription termination signals; secona, inefficient 
processing of the messenger RNA; thira, impaired transport of the messenger RNA from the nucleus to the 
cytoplasm; fourth, instability of the cytoplasm messenger RNA; fifth, inefficient translation of the cytoplasm 
messenger RNA; and sixth, instability of the prctein due to its susceptibility to plant specific proteins. 

-5 Conseauently, the succsssfui transformation cf piant ceils using vectors such as those described above is 
not necessarily predictable prior to attempting a desired transformation. 

Engineering of differentiated plant ceils and :heir progeny to express the Bt2 polypeptide and/or a 
truncated version 'hereof and/or a poiypeDtide having suostantiai sequence homology thereto is far more 
difficult than other genes such as antibiotic resistance genes or other plant genes such as thaumatin due to 

so one or nnore of the following: 0) the arge size of the 3t2 toxin, even in its truncatec form: (2) the particular 
crcceries of the 3t2 poiypectiGe <such as. cut not limited to, solubility of the poiypeotide); (3) the potential 
toxicity of the 3t2 polypeptice toward the piant ceils: or (4) the 3t2 poiypeotide synthesized in piant ceils 
ar.G their prccenv must -grain iUDStantiaily the came properties as the crystal protein synthesized in 
oactena. 

r,s 3aciilus thunnciensis (referred to at times herein as 3.t.) bacteria inciud s approximately 19 known 
varieties thai procuce polypeptide toxins which form paraspcral cr/stais during sporuiaticn. The crystal 
protein mace cy 3.t. is toxic to the larvae of certain insects. The toxins produced by a particular variety 
axmbit strong insecticiaai activity, against certain Leciacptera and/or Ceoleoptera and/cr Diotera larva. See 
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Also in accordance with the present invention there are provided; hybrid pJasmid vectors comprising; 
(a) a DNA fragment suostantially homologous with that portion of a Ti plasmid essential for transfer of a 
T-region of a Ti plasmid to a plant cell genome (the virulence region of a Ti plasmid); 
. (b) at least one DNA fragment which delineates a DNA fragment to be integrated into a piant cell 
genome (the coroer sequences of the T-DNA portion of a Tj plasmid; where only one border sequence is 
present, preferably it is the right border sequence); ana 
(c) at least one chimeric gene comprising: 

(i) a ONA fragment comprising a promotor region derived from a gene which is naturally expressed in 
a plant cell; and 

(ii) at least one DMA fragment coding for a polypeptide toxin produced by Bacillus thuringiensis or at 
least one DNA fragment having substantial sequence homology thereto. 

Said chimeric genes include those where DNA fragment (b) codes for a Bt2 protein, an insectictdaily 
active truncatea Bt2 protein, a DNA fragment having substantial sequence homology to 3t2 or th?» truncated 
Bt2, or where DNA fragment (b) is fused to a DNA fragment (c) coding for an enzyme capable of being 
expressed in differentiated plant cells and permitting identification of piant ceils expressing DNA fragment 
(b) where said DNA fragments (b) and (c) express a fusion polypeptide. 

Further, in accordance with the present invention, there are provided; intermediate plasmid vectors 
containing at least one chimeric gene, said chimeric gene comprising: 

(a) a DNA fragment comprising a promotor region derived from a gene which is naturally expressed in a 
plant ceil; and 

(b) at least one DNA fragment coding for a polypeptide toxin produced by Bacillus thuringiensis, or at 
least one DNA fragment having substantial sequence homology thereto. 

Said chimeric genes include those where DNA fragment (b) cooes for a Bt2 protein, an insecticidally 
active truncatea 9t2 protein, a QNA fragment having substantial seouence homology to Bt2 or the truncated 
3t2, or where DNA fragment (b) is fused to a DNA fragment (c) coding for an enzyme capable of being 
expressed in differentiated piant ceils and permitting identification of plant ceils expressing DNA fragment 
(b) where said DNA fragments (b) and (c) express a fusion polypeptide. 

Further, in accordance with the present invention, there are provided insecticidal compositions and 
methods of using transformed plant ceils and their progeny. 

Still further in accordance with the present invention are providea: a transformed plant cell containing a 
chimeric gene which: is stably integrated in the genome of the ceil, is capable of being expressed in 
differentiated cells of a plant derived from the cell, and comprises: 

(a) a promoter region derived from a gene which Is naturally expressed in a plant ceil; and 

(b) a DNA fragment obtained by truncation of a DNA ceding for a crystal protein produced by Bacillus 
thu-ngiensis or having substantial sequence homology thereto: the truncated fragment (b) coding for at 
least a polypeptide toxin of the crystal protein and providing an insect controlling amount of the 
polypeptide toxin in the ceil as a result of intracellular expression of the truncated fragment (b); 

plants which comprise such ceils and can express the chimeric gene as described above; seeds which are 
capable of germinating into such plants ana which can express the chimeric gene as described above: 
methods of protecting plants against a specific insect pest by transforming their genome with the chimeric 
gene as described above; and a method of transforming piams to protect them against a specific insect 
pest by integrating into their genome the chimeric gene as described above. 

Transformed piant cells and their progeny intracellular^ express a polypeptide toxin substantially 
similar to the polypeptide toxins produced by Bacillus thuringiensis and are substantially toxic to certain 
insects. Transformed plant cells and their progeny may ce used in controlling insects. 

Brief Descnoiion of the Drawings 



Figure ^ is a cnotccrapn snowing a 7.5% 5DS PAGE stained with Cocmassie Blue. 
TracK i: 3.e. kurstaki crystal crotetn precaration; 
TracK 2: 3.L beniner crystal protein precaration; 
~rac;< 3: A/lciecuiar weignt markers 
a: choschcrylase 3 f 92.500 daltcn): 

o: covme serum albumin (S6.2C0 caitcnj; 

c: cvaibumin 145.300 daltcn); and 

d: carconic annycrase (31.000 daitom. 

^gure 2 s a schematic diagram of piasmic p£coR25J. The Ecoftt ^ndonuciease gene (EndRi) is fused 
to the Pa promotor (Pz) anc contains a uniaue 3glll cloning site. Amp: ceta-iactamase gene. 
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Figure 19 snows the strategy used to construct ETrNPTU fusions and Bt2 deletions. 

Figure "20 is a schematic representation of the different 3t2 3' end deletion mutants, used in the 
mapping ot~tne 3' end of the minimal toxin encoding fragment. Arrows repr sent the positions of the 3* 
ends. 

5 Figure 2\ is a photograph showing the results of an immunobiotting experiment using a rabbit anti- 
berliner crystal serum. Samples analyzed are total extracts from Bt2 deletion clones specified in Figure 20 
and in Section 7. 

Figure 22 shows the 3 f end points of deletion clones pLB834 and pLB879 on the Bt2 sequence, used to 
delineate the minimal gene fragment encoding an active toxin. Also shown is the deduced amino add 
to sequence and the position of a putative trypsin cleavage site. 

Figure 23 is a schematic representation of the construction of the Bt2:NPTlI fusion gene cassettes 
pLBKm23, pLBKm33 and pLBKml4. Also represented are the 5' upstream sequences of the Bt2:NPTII 
fusions in the different constructs (sequences corresponding to a BamHl site are underlined). 

Figure 24 is a schematic representation of different BtrNPTll fusion gene cassettes. 
is Figure 25 is a pnotcgraph showing the results of a NPTIl assay as described by Reiss et al. (Gene, 30, 
p. 217, 1984), The samples analyzed are the supernatants of ceil extracts of bacterial clones producing 
NPTIl or different Bt2-NPTll fusion proteins. 
23 means K5 14 (lambda) (pLBKm23) 
860 means K514 (lambda) (pLBKm860) 
20 865 means K514 (lambda) (pLBKm865) 

NPT means HB101 (lambda dv) (a gift from Julian Davis, formerly of Biogen) 

Figure 25 shows the approximate positions cf the 3' ends of the Bt sequences in different deletions and 
Bt:NPTl Hustons (indicated by arrows). 

Figure 27 shows the strategy used for the adaptation of the Bt2 and the 3t2:NPTl! cassettes for 
25 expression in piant ceils. 

Figure 28 shows the ONA sequences at the junction between the promotor regions and the coding 
sequence of the Bt gene cassettes as they are present in the different engineered Tl piasmids. Sequences 
derived from the original promotor regions and from the coding sequence of the 3t2 gene are underlined. 
Some relevant restriction enzyme sites which have been involved in the assembly of the chimeric genes are 
30 indica: f ?d. The ATG initiation ccdon is boxed. 

Figure 29 is a schematic representation of the construction of pHD208 as described in Section 8. 
Example 2. 

3: BamHl, Hp: Hpal, H: HinclIL E: EcoRl, 3g: Sglil. 

Figure 30 is a schematic representation of the construction of pGV83"l: pGV83! has been constructed 
35 by R. Deolaere, Lab of Genetical Virology, Free University Brussels, Belgium. It is a Derivative of pGV700, 
as described in European Patent Application No. 33112985.3. Recombinant DNA techniques used followed 
Maniatis et al., Motecuiar Cloning (1982), Cold Spring Harbor Laboratory. 

The Hinclll fragment present in pGV700 was subcloned into pGV6Q0 (Leemans et ai., J. Moi. Appl. 
Genet. , 1. 149-164, 1981). Recombinant plasmid pGV742 was isolated as a Cb* Cm s Tc s recombinant An 
40 internal deletion was created in pGV742 by digestion with BamH! and reci realization. This produced 
pGV7*4. An internal deletion was created in ?GV744 by digestion with EcoRl and recircuiization to yield 
pGV7 49. The Hindlll-Nrul fragment from pGV749 was cloned in pGV710. pGV710 had been digested with 
ccofll. the 5' protruding and filled in using DNA polymerase and had been subsequently digested with 
Htnalit. The resulting plasmid pGV3l5 was isolated as a Sm R t Cb* recombinant. Both the EcoRl site and 
45 the Hinclll site of dGV815 were removed by digestion with these enzymes and by filling in the protruding 
ancs with ONA polymerase, folicweo by recircuiization. Finally, a chimeric gene containing the nopaline 
synthase promoter and the neomycin phosfotransferase gene from Tn5 was isolated as a Bctl-BamHI 
iragment from pKC7/:nos ana was c:oned in the Bgill site from pGV825. The Sp a , Km a recombinant plasmid 
pGV83i was cbtainec. 

= '° nqure 31 is a schematic representation of the T region of Ti-plasmid pGV3850 ana of the intermediate 
vector priC2Q5. Tre crossea lines inaicate :he regions wnich were involved in cotntegration cf pGV3850 
with oHD205 to prccucs cHDlOSO, The T region of hybrid Ti plasmid pHD1050 is represented. 
.-: Hinclll 

Bt: chimeric B*2 gene under cenxrei of the nopaline synthase promoter 

55 r.cs: nocaiine synthase gene 

Ao, .<m: genes snccaing ampicillin anc kanamycin resistance 

Figure 32 is a schematic representation of :h T region of Ti plasmid pGV2260 and of the intermediate 
vector ?HD208. The crossed :ines indicate the regions whicn were involv d in cointegration cf pGV2260 
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exhibit similar orooerties. 

"Identification" snouid be understood as referring to selection or scoring of celts harboring and expressing 
the desired gene. Selectable markers permit growth (selection) under otherwise lethal conditions such as 
kanamycin resistance ('Km 3 ). Scorable markers add an identifiable trait (scoring) foreign to non-tranformed 

5 ceils "Naturally expressed gene" should be understood as meaning a DNA fragment whether originally part 
of a plant's genome or intrcauced by agents such as bacteria or viruses which produces RNA, protein or 
both in the plant in the absence of human intervention. 

A chimeric gene may also include a nontranslated DNA fragment positioned an the 3' side 
(downstream) of the structural gene sequence, which in turn may include a regulatory signai referred to as a 

w polyadenylation signai oreferably derived from a gene which is naturally expressed in plants. 

A naturally exoressed gene includes a 3' non-translated region which in turn includes a polyadenylation 
signal, both of which code for the corresponding messenger RNA (mRNA) regions. These corresponding 
mRNA regions are tocatec on the 3' side of a stop codon in a monocistronic mRNA. The 3" non-translated 
region of mRNA is believed to be involved in the processing, stability and/or transport of the mRNA. This 3* 

rs non-translatea region of mRNA is also believed to contain a sequence of bases, polyadenylation signal, 
which is recognized by an enzyme in the ceil. This enzyme adds a substantial number of adenosine 
residues to the mRNA moiecuie to form a poly-A "tail" on the mRNA. 

Generally, the procsss used to arrive at the present invention is described in European Patent 
Application PuDlication No. 0116718 entitled "Process for the Introduction of Expressible Genes into Plant 

20 Cell Genomes and Agrobactgrium Strains Carrying Hybrid Ti Plasmid Vectors Useful for this Process." The 
introduction and integration of one or more chimeric genes coding for polypeptide toxins produced by 
Bacillus thurtngiensis or having substantial sequence homology to Bt2 (see Figure 13) into a plant cell 
genome is achievec by: 

M> isolation of at least one DNA fragment from Bacillus thuringiensis coding for a polypeptide toxin by 
25 digestion of bacterial DNA and inserting the mixture of DNA fragments obtained into a cloning vehicle 
harbored in a bacterial host and 

(2) identification of bacterial clones harboring ONA fragments coding for said polypeptide toxin; and 
i3) characterization of the structure of the DNA fragment coding for said polypeptide toxin; and 

(4) removal of unwanted DNA sequences flanking the desired DNA fragment or 
ao (5) synthesis of a DNA fragment having substantial sequence homology anci exhibiting a similar structure 
to a DNA fragment coding for Bt2; or 

(6) construction of a DNA fragment containing the DNA fragment from (4) fused to a DNA fragment 
encoding an identification polypeptide to produce a fusion polypeptide; and 

(7) insertion of said DNA fragment from (4) or (5) or (6) into plasmid vectors under trie control of plant 
as regulator secuences harbored in a bacterial host and 

(3) introduction cf piasmids from (7) by conjugation (or mobilization) in a bacterial host harooring suitable 

heiper piasmids; and 

(9) conjugation of bacterial clones from (8) to Aqrobacterium tumefaciens harboring an acceptor Ti 
piasmid vector; and 

uo (10) identification cf Aqrobacterium tumefaciens which contain the desired chimeric gene; and 

(11) contacting plant csils with Agrcbacterium tumefaciens from (10); and 

(1 2) identification cf transformed plant ceils from appropriate culture media; and 

(13) immunological ceiection of Bt2 antigens present in extracts from transformed plant ceils: and 

(14) propagating transformed plant cells to regenerate a differentiated plant 

us It is contemolatec :hat cloning vectors and bacterial host strains other than those described below in the 
E:<amoles zan be Lised. "-based vectors like pGV3850 into wnich recombinant piasmics integrate before 
transfer to oiant csils are Known as cis-rype vectors. There are also Ti-based vector systems in which the 
recombinant plasmias ao not integrate into the resident Ti piasmia or in wnich large portions of the naturally 
-ccurrinc Ti piasmid are ceietea. These binar/-type systems. Hcekema et al., Nature . Voi. 203, 179 (1983). 

50 or m:ni-Ti nlasmics. Framond at aL Biotechnology , Vol. i. 262 .1983), have also been shown to introduce 
DNA into plant ceils. These oiasmids contain a border sequence (at least one. preferably rwo) flanking the 
:ene -o be introcucec intc plants. A marker wnich is selectable or scorable in plant ceils s useful but not 
Essential. 3ucn oiasmics are ;acacie or autonomous replication in A. tumefaciens and -eea not integrate 
n:o a resicent " ciasmio. Viruience functions neeced to erfect transfer to DNA. such as the chimeric genes 

35 :r ;he oresent invention. :o oiant calls can be creviced n trans. HceKema et al.. Mature . Vol. 303, 179 
.■1983). See aiso Fraley. R.T. 3t a;.. Biotechnology , Vol. 3. 529 1.1985); and Klee et ai., 3iotecnnology . Vol. 3, 
337 ; 1985V 

' A.^umefacens ; s net the only means o: introducing genes into plants. DNA can be introduced by 
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A. Isolation of Bacillus thuringiensis (B.t.) crystal polypeptides 

B. Preparation of ami bodies (polyclonal and monoclonal) against B.t. crystal polypeptides 

2. Preparations of B.t. Gene Bank 

A. Preparation of total DNA or piasmid DNA from B.t., preferably plasmid DNA 
5 B. Partial digestion of the purified DNA with a suitable restriction enzyme 

C. Cloning DNA fragments into a suitable E. coii plasmid expression vector 

3. Isolation of recombinant piasmids containing BX polypeptide genes 

A. Screening of the transformed E. coii ceils with anti-B.L crystal protein serum 
8. Identification and isolation of bactirlal clones expressing the polypeptide 
io 4. Characterization of Bt2 protein 

A. Purification of the polypeptide encoded by the cioned B.t. gene 

B. Testing to confirm that polypeptide expressed by clones is immunologically the same as B.t. 
crystal polypeptide 

C. Testing to confirm that polypeptide expressed by clones is insectlcidai 

is 5. Mapping and subcioning of Bt2, including restriction enzyme analysis, subcioning and DNA sequence 
determination 

6. Construction of toxin gene cassette including removal of undesired flanking ATG triplets preceding the 
initiator ATG and addition of suitable restriction enzyme cleavage sites using synthetic oligonucleotide 
linkers 

20 7. Construction of Intermediate Vectors 
3. Construction of Hybrid Ti Piasmids 

9. Engineering of Plants 

A. Identification of transformed plant tissues producing the toxin using the immunoassays and 
quantification of the toxin levels produced 
25 B. Regeneration of piants from tissues 

10. Detection of 3t2 toxin in engineered piants 

11. Determine toxicity of engineered plants toward insects 

Different types of chimeric genes (promotor-gene fusions), have been used to genetically transform 
plant ceils, and basically 3 different types of piant specific promotors can be distinguished: 

30 

Promoters: 

1 . TI plasmid derived promotors (Pnos, PTR at times referred to herein as PTR2) 

2. Plant promotors (Pssu cea t Pssu30l ) 

as 3. Plant virus promoters (P25S from cauliflower mozaic virus) 

Types of chimeric genes: 
1. Type 1: 

-£0 Straight promotor-gene fusions in which the entire Bt2 coding sequence is inserted behind the promoter 
fragment. Examples are: Pnas-Bt2 (pHD1050, pHD1060), Pssu pea-Bt2 (pHDl076), PTR2-Bt2 
(PGS1161), Pssu301-3t2 (pGo1l81), P35S-1-Bt2 (pGSl261), P35S-2-Bt2 (pGS1271). Some of the 
constructs do not contain the intact 5' untranslated region of the original transcript (Pnos, Pssu pea), but 
others do {PTR. Pssu301). 

J5 2. Type II: 

Chimeric Pssu-Tp-Bt2 gene fusion in which the Bt2 gene is fused to the transit peptide (Tp) sequence of 
the small subunit of RuBisco ana expressed under the control of the Pssu promoter. In this case a fusion 
protein preferably is made from the natural translation initiation signal "oTthe ssu gene. Van Den Broeck 
ei ai. (1985) cemonsrrateo the transport of the bacterial NPTII protein into "plant chlorcpiasts using a 

50 "usion between the Tansii peptide of the ssu of RuBisco and the NPTII coding region. In view of these 
rssuits. we constructed the chimeric gene Pssu-Tp:Bt2. Both the Pssu promoter ana the transit peptide 
(Tp) fragment were derived from the pea gene used by Van DerT Broeck et ai. (1985). Th ONA 
3eauence at the junction site is snown in Figure 28. it is worth mentioning that the original 5' untransiated 
region of the pea m-RNA is maintainea in Pssu-Tp:St2 t so that the chimeric gene is translated from the 

55 genuine ssu translation initiation site (pHDlOSO). 

3. Type iTF" 

Straight promotor-gene fusions in which oniy part of the Bt2 cooing sequence is used ("truncated Bt2"). 
Fragments of :he 3t2 seauence still encoding an active toxin are inserteo b hind the piant specific 
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and mice Antiserum against B.t. crystal proteins (kurstaki) prepared in goat was received courtesy of Dr. L 
Bulla University of Idaho. To the best of applicant's knowlecge and belief, me antiserum was prepared by 
known procedures substantially similar to those described for rabbit and mouse. 

Rabbits were injected subcutaneously with 0.5 mg of a soiubilized crystal protein preparation .25 ml 
dialvsed qagainst PBS pH 7.4) mixed with an equal volume of complete Freund's adiuvant (CFA). After 
•hree months, the rabbits received another injection of the same type of preparation, and three weeks later 
blooa samoles were taken. BALBc mice were injected intraperitoneal^ with 100 ug of crystal protein 
solution mixed with CFA (1/1 vol.). Four to six weeks later they received a booster injection of 50 ug crystal 
orotein PBS and four days later blood samoles were taken. Antigen reactivity of the sera was connrmed by 
immunodiffusion tests (Ouchterlony assay). A strong crossreaction between berliner 1715 ana Kurstek. 
crystal protein oreparattons was observed, indicating that they contained antigenically related components. 
Some of the mice were sacrificed and the spleens removed asceptically for cell fusion experiments (see 

2.2). 

ts 2.2 Monoclonal antibodies 

Although not essential for the identification of toxin expressing clones as described herein, hybridomas 
producing monoclonal antibodies against B.t crystal proteins were generated following the procedure 
originally described by Koehler and Milstein ( Nature 256: 495-497. 1975). Monoclonal antibodies were used 

20 as an additional and more soecific means of determining toxin presence in bacterial clones and plant cells. 
Spleen cells from immunized BALBc mice (see 2.1) were fused with the SP2'0 myeloma cell hne 
(Shuiman. M. et al.. Nature 276. p. 289, 1978). Cells were plated at 3.1 0* per well in m.crotrter plates and 
10-14 days later the IHSeTnatants were screened for the presence of anti-crystal protein antbod.es using an 
enzyme immuno assay (Engvall and Pesce, Scand. J. Immunol. , suppl. 7. 1978) with alkaline Phosphatase 

25 labelled goat anti-mouse immunoglobulin as thTiicond antibocy (Sigma. A-5153). Approximately 4 A of the 
wells were positive for the antigen (crystal protein). Positive clones were subcloned twice by touting 
dilution Positive subclones were selected, grown up and their culture supematants containing die mon- 
oclonal antibodies were collected. A total number of 17 hybridoma cell lines producing monoconai 
antibodies reactive with B.t. beriiner crystal proteins were generated. 

3. Construction of a gene bank from plasmid DNA of BX strain berliner 1715 

Kronstad et al.. J. Bacteriol. . 54, p. 419-42S (1983) reported that B.t. berliner 1715 contains two related 
toxin nenes which are both located on olasmids. Intact endotoxin genes were isoiateo rrom a gene Dank 

35 from total B.t. berliner 1715 plasmid DNA using partial Sau3A digests of plasmid DNA. B.t. berliner 1715 
rails were grown in L3 medium (Miller, Experiments in Molecular Genetics , (1972). Coid Spnng Harbor 
Laboratory, New YorM overnight at 37' C. Plasmid DNA was isolated from B.t. berliner 1715 using the 
denaturation-renaturaticn method described by Kronstad et al.. J. Bacterioi. , 54, p. 419-42B (1983). Analysis 
of the olasmid DNA on 0.5% agarose geis revealed that this piasmid DNA preparation contained several 

«o different plasmid species cresent in different molar concentrations. To construct the gene bank thirty ug of 
olasmid DNA was oartialiy digested with Sau3A at 37* C in a total volume of 500 ul. 100 ul samples were 
>aken after respectiveiv 10. 20. 30, 45 and 60 minutes of incubation and phenol-chlorororm extracted. The 
Sau3A digested DNA was size fractionated on a 10 to 40% sucrose gradient, and the size- of the DNA 
fragments in the different fractions was estimated on a 0.8% agarose gel. The fractions conaning DNA in 

45 She 6-10 Kb size range were pooled and ligated to Bglll digested ?EcoR251 vector CNA. me ptcoR251 
olasmid is a derivative of olasmid pBR322 in which the EcoRI-Puvll fragment has seen replaced by a 
chimeric EcoRI endonuciease gene which is fused to a ? a promotor fragment denved rrom piasmia pLK5 
iZabeau anc Stanlev. EMBQ Journal . 1. 1217-1224 (1982)) as depicted in Figure 2. The ptcoR251 xntans 
a unioue Bglll site in thTEcoRilr^5nuc!ease gene, where insertion will inactivate the gene. The ptcoR251 

<=o vector is a suicide vector similar <o the positive-selection cloning vehicle p5CC31 cescrroed oy Cheng and 
Modrich (J. Bacteriol. 154. 1 005-1 008. 1983V Sau3A DNA fragments were ligatea :nto Bgill aigested 
oEcofl25l -: =.ecomoinant ciasmids were selected by transforming the ligation mix into competent coli 
K514 ceils ,'Colson et al., Genetics 52. a. 1043-1050. 1965) as d scribed by Dagerr and Enn.ch. «ene 6 
;1980), 23-28. Cells were piateo on LS medium (Miller, Experiments in Molecular Genetics (197*}, Cold 

55 Spring Harbor Laboratory, New York), suDpiemented with amcicillin (100 ug/ml). 

Several gene banks were constructed each containing between 600 and 1 500 recombinant clones. 
Analysis cf the recombinant piasmids present in 12 ranoomly chosen clones confirmed that in eacn gene 
bank at least 1 0 out of the 1 2 clones contained inserted fragments with sizes ranging ircm 5 to 1 5 Kb. 
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obtained from a 2 litre overnight culture of K514 (pBt200) were resuspencied in 50 mi 50 mM THIS pH 7.9, 
50 mM ~DTA, 15% sucrose, treated with lysozyme (100 ug/ml), sonicated (30 minutes at 400 watts in a 
Labsonic~l510), mixed with 200 ml of PBS, pH 7 containing 2% Triton X100 and incubated fcr 30 min. on 
ice. The lysate was csntrifuged at 15000 g and the supernatant was discarded. The pellet containing the 
3t2 protein was resuspended in the same buffer and the procedure was repeated. Whereafter the peil t was 
washed twice with 200 mi PBS. To solubilize the Bt2 protein the pellet was resuspended in 50 mi extraction 
buffer 0.2 N thioglycoiate and 0.1 M NaHC0 3( pH 9.5 for 2 nr. at 37* C. An efficient (>90%) and selective 
solubilization of Bt2 protein was obtained in this way (Figure 7). 

These semi-purified protein preparations were used for further studies. Antisera were raised against Bt2 
protein in rabbits and mice using a similar immunization protocol as described in Section 2.1. These 
antisera reacted equally well with solubilized crystal proteins from B.t beriiner and kurstaki as with Bt2 
itself, in the EUSA assay described above (Figure 3 shows results wfth the mouse serum). 

A similar positive reaction was observed using antibodies purified, from anti-Bt crystal serum t by affinity 
chromatography on an immuncadsorbent of Bt2 (Bt2 protein coupled onto CNBr activated Sepharose 4B t 
Pharmacia). These antibodies also reacted in Western blotting with a l30Kd protein present in both B.t 

beriiner and kurstaki crystals. 

Finally, in the ELISA, 9 out of the 17 monoclonal antibodies raised against total B.t. beriiner crystal 
proteins, were also reactive with the Bt2 protein. (Code numbers: 1F6. 167, 4D6, 4F3, 8G10, 10E3, 1.7. 4.8, 
C73) (Figure 9). The same 9 antibodies were also reactive with B.t. kurstaki crystal proteins. 

In general both the Bt2 protein and the major 130 Kd crystal proteins from B.t require alkaline pH and 
the presence of reducing reagents for complete solubilization. Also they both precipitate at pH 4-5. 

Thus, the cloned gene product Bt2 exhibits biochemical properties similar to those of the major 130 Kd 
crystal protein from B.t. beriiner and B.t. kurstaki and is immunologically related to these crystal proteins. 

Tne Bt2 protein was purified further by DEAE-ion exchange chromatography and by Sephacryi gel 
filtration. The amino-terminal sequence of this purified protein was determined with the use of a gas-phase 
sequencer (Applied Biosystems), operated according to Hewick et aU J. Biol. Chem., 256, 7990-7997, 
1 981 ) 

Tne sequence of the first 20 N-terminal amino acids was found to be substantially identical to the N- 
terminai sequence deduced from the DNA sequence of a cloned B.t. kurstaki gene. Wong et aL J. BioL 
Chem. , 258 (3). 1960-1967 (1983) (Figure 10). 

5.2 Insect Toxicity of the 5t2 protein 

Crystals from B.t. are known to be particularly toxic against larvae of certain Lapidoptera species. In 
order to test whether Bt2 protein exhibited a similar toxic activity, toxicity tests were performed on larvae of 
the cabbace butterfly Pieris brassicae. Protein solutions of known concentration, expressed as ppm (1 ppm 
= 1 ug/mh were seriafiy"oiiutea in water. Small discs (0.25 cm 2 ) were cut from fresh cabbage leaves and 
cn eacn disc 5 ui of a test solution was aoplied. Discs were air dried and eacn disc was placed in a vial 
containing one larva. Third instar larvae were obtained from a synchronized culture of P_ brassicae. During a 
10 i-. period before moulting, these larvae were incubated in separate vials In the absence of food. 
Immediateiv after moulting they were given one leaf disc. When trie first disc was consumed, the larva was 
offered a fresh disc without sample. For each sample dilution, 50 larvae were tested. Feeding and viability 
•were monitored every 24 h up to 120 h. As can be seen from Table 1, Bt2 sample preparations exhibited 
similar degrees of" toxicity ; or P. brassicae larvae as solubilized crystals from B.L beriiner 1715. 

To test the effect of sublethal doses of Bt2 toxin on the growth of P. brassicae iarvae, the following 
experimental design was used: caobage leaves were dipped in a solution containing a known concentration 
of 3t2 protein (0.01-1 ppm) and dried. Groups of 100 third instar larvae (from syncnronized cultures) were 
fed on Bt2 coated leaves. Tne leaves were reguiariy replaced by new ieaves treated in the same way. 
3rowth of the larvae was foilcwec over a period cf seven days, which corresponds to the time period 
needed tc develop ; rom 2ra tc 5th insiar. As can be seen from the results presented in Table 2 the Bt2 
orctein induced a significant growth inhibition in P. brassicae iarvae at doses that were sublethal. Growth 
.nhibition was evident a: a concentration of 0.01 ppm wnich corresponded to 2.57 ng protein/gram leaf. 
During the first ^8 h the iarvae feeding on ieaves coated with 0.01 ppm ate 3.6 cm- of ieaf (83 mg) and 
ocnsecuemlv incesred accut 0.22 ng of 3t2 protein. At this time. 93% of the larvae were still in the L3 stag 
wniie only 33% of the centre! iarvae were in this stage. Thus an inhibitory effect on growth can be observed 
with toxin coses that are significantly below the LDsc values (1.65 ng/larva, see Taole 1). 

These results indicate wnich levels of 3t2 prot in synthesis must be reached in transformed plant ceils 
n order to exoress insect resistance against P. brassicae . A level of 2.7 ng Bt2 protein/g tissue is sufficient 
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BamHl for 1 h at 37* C. Subsequently, 50 ng DNA was ^circularized with 0.1 unit T4 DNA ligase in a total 
volume of 100 ul for 20 h at 4* C. 

One-fifth of this ligation mixture was transformed into competent E coii K514 cells (Colson at aU 
Genetics 52 (1965), 1043-1050) as described by Dagert and Bunch,. GeneTs (1980), 23-28. Cells were 

s plated on LS medium (Miller, Experiments in (Molecular Genetics , (1972), Cold Spring Harbor Laooratory, 
New York), supplemented with carbenicillin (1 00 ug/ml). 

The deletion end points in the plasmids were first analyzed by measuring the size of the newly 
generated EcoRI fragments of the recombinant plasmids on a 2% agarose gel. The nucleotide sequences of 
the exact deletion end points in plasmids with deletions ending just before the start of the 8t2 gene were 

70 determined. Clone pHDlOO has a deletion ending 8 bp before the initiator ATG and removes ail upstream 
non-initiator ATG's. Clone pBa3.3 contains the BamHl linker fused to the 4th bp of the coding sequence and 
clone pBa23-3 contains the Bam linker fused to bp -33. 

In a second engineering step, the non-coding sequences at the 3* end of the toxin gene were deleted 
using 8ai31 exonuclease (Bioiabs, New England). Thirty ug of pHD100 plasmid DNA were digested with 

75 Ndel and treated with Bal31 exonuclease for 3, 4, 5, 8 and 8 minutes at 30 * C in buffer. At each time 
interval, 60 ul aliquots (each containing 6 ug of Bal31 treated DNA molecules) were removed. After addition 
of phosphorylated Sgilf linkers (Bioiabs, New England) to the Bal31 treated DNA molecules, the DNA 
molecules were recircuiarized with 0.1 U T4 ligase overnight at 4* C. The ligation mixture was transformed 
into competent E. coii K514 cells (Colson et al.. Genetics 52 (1965), 1043-1050) as described by Dagert and 

so Ehrlich, Gene 67l980), 23-28. Ceils were plated on LB medium (Miller, Experiments in Molecular Genetics , 
(1973), Cold Soring Harcor Laboratory, New York) supplemented with carbenicillin (100 ug/ml). After 
determination of the size of the deletion in several plasmids, using restriction enzyme digestion and agarose 
gel electropnoresis, pHD160, pHD182, pHD163 were retained for further experiments, in pHD160, the Bglll 
site is positioned at approximately 300 bp behind the TAA stopccdon of the Bt2 gene; in pHD162 the Bglll 

25 Is at approximately 250 bo behind TAA; and in pHD163 the Bglll is at position 3342 (bp) in the Bt2 coding 
sequence. Construction of pHDl60 is schematically diagrammed in Figure 15. In this way, we constructed 
toxin gene cassettes carrying the Bt2 gene on a 8amHI-8glll fragment which will be excised ana inserted in 
the 3amHl site of the Ti expression vectors. In order to construct pHD164, the BamHt-Saci fragment of 
pHD160 containing the 5* ena of the coding sequence was replaced with the corresponding BamHl-Saci 

30 fragment of pBa3.3. To construct pHD159, :he BamHl-Saci fragment of pHD163 was replaced by the 
BamHl-Saci fragment of ?Ba3.3 (Figure 16). 

In order to create plasmid pDC3 (Figure 16), plasmid pHD164 was digested with Oral, ligated to Bglll 
Hnkers, and the fragment containing the Bt2 gene was cloned in the Bgili site of pLK57 (Figure 17). in this 
way, the Bglll site cf the 3amHI-3gill cassette was placed in cicse proximity of the TAA stop codon of Bt2. 

7.2 Construction of cassettes containing engineered Bt2 genes 



7.2.1 Truncated Bt2 genes 



40 7.2.1.1 Rational 



Results from basic research on the functional properties of B.t. crystal proteins indicate that the large 
approximately 130 Kd crystal proteins are relatively insoluote and, in addition, are protoxins which need 
processing in the insect midgut towards lower molecular weight active toxins, able to exert their toxic effects 

45 on the insects (Buila. L. A., Jr., D. 3. Bechtei, K. J. Kramer, Y. I. Shetna. A. I. Aronson and P. C. Fttz-James, 
1980, Rev, Microbiol., 3:147-203: Bulla, L A., Jr., K. J. Kramer, D. J. Cox, B. L Jones, L. I. Davidson and G. 
L Lookhart 1 981 , Biol. Chem. , 256:3000-3004: T. A. Angus. Can. J. Microbiol. , 2:416 (1956); M. M. Lecadet, 
"Microbial Toxins " : 7o:. ;l. aa. by T. C. Monti e and S. Kadis. Academic Press, Inc., New York and London, 
1970, pp. 437-471 >. The specific activity cf the Bt tcxin when ingested by the insects as part of a 

■30 :cmposition of angineerec olant material will be aetermineo. not oniy by the total quantity of toxin present 
cut also by the degree cf accessibility of active tcxin, released in the midgut. It has been shown that some 
nsects species are mere efficient ttian others in solubilizing anc/or "processing " {enzymatically degrade) 
protoxins {Presentation by Dr. P. Luthy in "Second Worksnco Bacterial Protein Toxins", Wepion, 
Belgium: vjune 30-Juiy 4, 1985; to be cubiished in ccngress proceedings), Tnerefore, it might be 

== advantageous in the angineering of insect resistant plants to construe: truncated toxins denved from Bt2 
-vnich have the properties of being: 1 ) aireacy processed or partially processed toxin, exhibiting full toxic 
activity; and 2) more so;uble than the original Bt2 protein. P'ants axDressing such truncated polypeptides 
mtgnt exhibit a higner specific :oxic:ty against insects than plants excresstng intact Bt2 ar the same level. 
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7.2.2 Fusion genes to NPTII 



7,2.2.1 Rationale 



s It is known that amino-terminai fusions at the NPTII gene can generate fusion proteins that still confer 

kanamycin resistance in bacteria (Reiss et ai M EM80 J. 3, p. 3317, 1984). 

Since NPTII is a most suitable selection marker in~piant engineering, such gene fusions could have very 

promising applications. Indeed when using such NPTII fusion proteins to transform plants, a selection for 

high kanamycin resistance would allow direct selection for a high expression of the fusion product 
w Therefore, toxin gene fusions with NPTII might be used to transform plants and select for transformed 

plants expressing high ievels of toxin, by selection for kanamycin resistance. 

7.2.2.2 Construction of the fusion gene cassettes 



is Different fragments of the Bt2 gene were fused to the N-terminus of NPTII. 

One of the fusion proteins termed Bt:NPT2 is described in more detaii below. 

1 . Construction of the St:NPT2 fusion gene 



20 The construction of the Bt:NPT2 gene is shown in Figure 23. pLK54 is a pBR322 derivative containing 
the P L promoter and 2 phage fd transcription terminators in tandem (Section 7.2.1.2). pKm!09/90 contains 
the NPTII gene of Tn5 on pBR322 (Reiss et aL, EMBO J.. 1984) (Figure 24). 

A 1141 bp gene fragment of pKml09/90 containtngTthe NPTII gene was cioned in pLK54 giving rise to 
pLKm90. In order to create a Bgill site behind the NPTII gene, Bglll linkers were ligated at the Xbail and the 

25 Sail site after Klenow polymerase treatment This gives rise to plKm91. 

PHD159 is a derivative of pBt200 (Section 7.1) whereby a BamHi linker has been fused to the 4th bp 
and a Bgi(( linker to op 3342 (after Bal31 treatment). The BamHI Bgill fragment of this piasmid containing 
the deleted Bt2 gene was inserted in the BamHI site of pLKm91, in one orientation, giving rise to a 
3t2:NPTH fusion gene cn pLSKmlO. 

30 To ccnstruct pLSKml3 an Asp 723, Klenow treated Bgill fragment was inserted between the BamH! site 
(arter filling in) and the Bgjil site of pLKm91. 

In order to produce the BtNPTll fusion proteins in E. coii, analogous constructs to pLBKmlO and 13 
were made containing 5' leader sequences of the 3t2 gene~with a ribosome binding site. Therefore, from 
another Bai3l deletion denvative of pBt200, pBa23-3 (Section 7.1), with the BamHI linker at position -33 we 

35 exchanged the BamHl-Sacl fragment with pL3Km13, giving rise to pLBKm23. 

For the expression of the fusion protein 3tNPT2 behind the Pnos promoter and the 35S promoter, the 
BamHI-Sacf fragment of pHD160 (described in Section 7.1) was cioned between the same sites in 
pLSKmi3 giving pLSKm33. 

Finally for the construction with the Petunia ssu-prcmotcr (see Section 3) we used a modified BtNPTII 

■to cassette wherein the 3' non-coding region was removed up to the stopcodon of NPTII. To achieve this the 
NCol -Bgill fragment cf pLSKmi3 containing the 3" end of the NPTII gene was reoiaced by a NCol Bglll- 
fragment generated from pLKm9l (Figure 23). Tnis piasmid was cut with Ddel, treated with Klenow 
polymerase, and ligated to a Bgill linker, whereafter the resulting DNA was cut by NCo1 and Bglll. Figure 
23 also shows the 5' 3t2 sequences in the different constructs. 

45 In summary, the Bt:NPT2 gene contains iFigure 24): 

1) The 5' and of the 3t2 gene starting 3 bp upstream of the initiation ATG codon or at pos +4 or at 
oosition -33 anc extenaing Towards nucleotide position 2173. 

2) a 16 bp linker fracment 

3) the NPTII ccalng region starring at nucleotide position 13. 

50 

2. Character! sties of rhe rusion protein exoressed in E. ccit 



7'ne fusion gene 3t:MPT2. placed behind the P L promoter in piasmid construction pL3Km23 (Figure 23), 
was exoressed in E. coii to stucy the oropernes of the fusion protein. 

55 

2.1 identification of the fusion protein in E. coii 



An E. coii cicne transformed with pLBKm23 was analyzed in SDS-PAGE and in W stem blotting. 
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intact 8t2 (Tables 4. and 5). 

Taken together the above data indicat that the Bt:NPT2 protein has NPTI! activity both "in vivo" and 
"in vitro" and in addition that it has an equally potent insecticidal activity as the Bt2 toxin. Therefore, this 
truncated toxin clearly represents a valuable alternative in the engineering of plants expressing high level of 
5 insect toxicity. 

2.5 Selection of additional 3t2:NPTil fusions expressing a higher kanamycin -resistance phenotype 



The results obtained with the previously constructed BtNPTll gene were very promising since this 

to fusion protein conferred kanamycin resistance, showed normal levels of toxicity and was relatively stable. 
However, the kanamycin resistance conferred by the BtNPT2 fusion was relatively low as compared to the 
wild type ceils. Since the isolated purified Pnos-BtNPT2 protein had a specific NPTII activity comparable to 
the wilo type NPTII protein, we concluded that the low kanamycin resistance was due to the low solubility of 
the fusion protein in 5. cofi. A relatively low resistance phenotype might interfere with an efficient selection 

75 system in plants, Therefore, we considered the possibility that other Bt-NPTll fusions could have different 
physicochemical properties leading to a higher Km resistance phenotype "in vivo". We designed an 
experiment to fuse the NPTII gene at random to the Bt2 sequence in the region~between the Kpni site and 
the processing site. The experiment was as follows: 

We used plasmid pLBKm25 {Figure 18) containing the following elements of interest: a ?i promoter and 

20 the Bt2 gene, fused at 1100 bp downstream of the Kpni site, to the NPTli gene (see Figure 19). A unique 
Xhol site separates the Bt from the NPTII gene. This plasmid was linearized by Kpni digestion and treated 
with Bal3l exonuciease. The Bai31 reaction was titrated such that the deletions did not proceed far beyond 
the Hindi II site which is localized upstream of the C-terminai processing site. The Bai31 treated plasmid was 
iigated to Xhol linkers, digested with Xhol and seiHigated. As a result, the NPTI! is fused to fragments of 

25 the Bt2 gene varying in size. These piasmids, transformed in E. coti, conferred kanamycin resistance on 
condition the NPTif gene was fused in frame to the 3t2 geneT Transformants were selected on plates 
containing low levels of kanamycin (20 ug/mi) and screened for the abiiity to grow on higher kanamycin 
concentrations. 

145 kanamycin resistant transformants were screened for their abiiity to grow on higher kanamycin 
20 concentrations. 3 transformants proved more resistant and were able to grow on concentrations higner than 
200 ug/mi of kanamycin. The fusion point in ail 8 clones was determined by restriction enzyme mapping 
with an accuracy of 2Q bp. Surarisingly 7 out of 3 clones had their fusion point around the Hindlll site at 
position 1680 of the Bt gene. One cione (pLBKm86G) mapped at position approximately 2050. Although the 
majority of the deletions were fused around position 1800, none of these conferred a higher kanamycin 
35 resistant phenotype. The 7 clones which have their fusion point positioned around the Hindlll site are too 
short to encode an active toxin. However, one of the clones (pLBKm860) was: 

More stable, since more protein per amount of total cellular extract was detected :n Western blot 
analysis; and 

More soiubte since more truncated Bt protein was detected in the supernatant. 
40 Tne positions of the 3' end points in the 3t2 coding secuences in clones 860 and 365 are represented 
In Figure 26. 

Toxicity of the fusion proteins and truncated St2 gene products is illustrated in Table 3. 
7.3 Adaption of cassettes containing truncated Bt genes or Bt gene fusions for exoression in piant cells 



F' asm ics p LB Km 860 ana 365 were modified as described in Figure 27 to generated piasmids 
pL3Krn186G and pLBKm1865 respectively. pL3Km2360 was derived rrcm (Figure 27) pLBKm860. 

3y replacing the 5amHI-3ac! fragment from pLB820 and 884 for the BamHI-Sacl fragment of pl_BKmt4/ 
:ne new piasmids called pL3l820 and 1384 respectively, were generated. pL32820 was derived from 
so ~L31820. As an examote, the rinai constructs pL3Kmi860. pL3Kml865 and pLSKm2860 are snown in 
"cure 24. 

3. ^onstructicn of : nterneciaie expression vectors containing :he :oxin gene 



55 3.' Overview 



'■ aoie 7 gives 3n overview at the sngineerea piasmids wnich have been constructed and used in the 
piart :ranformation experiments. Each engineered 71 piasmid is th result of a coinregraricn of a receptor Tt 
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sequence of the Bt gene cassettes as they are present in the different engineered Ti plasmids. Sequences 
derived from the original promotor regions and from the coding sequence of the Bt2 gene are underlined. 
Some relevant restriction enzyme sites which have been invoived in the assembly of the chimeric genes are 
indicated. The ATQ initiation codon is boxed. 

5 

Junctions between Bt gene cassettes and the 3' ends 



All chimeric genes are provided at the 3' and with a sequence which contains the 3* untranslated 
region, including the polyadenylation site, of a gene which is naturally expressed in plant ceils. The 
ro following sequences have been used: 

3'ocs (in pHD1060, pHD1075, pHD1080) 

A 706 bp Pvuil fragment containing the 3' untranslated region of the octopine synthase gene (pos 
75 1 1939-1 1233 according to Gielen et al., EM BO 4, p. 335, 1984). 

3't7 (pGSIISt, pGS11S1, pGSH52, pGSl153, PGS1162, pGS1163, pGS1251, pGSl261, pGS1253, 
PGS1262, pGS1271, pGSl28l 

20 A 212 bp EcoRV-CIai fragment containing the 3' untranslated region of T-ONA gene 7, cloned into the 
Smal site of pUC3 and reisolated as a EcoRI-SaJI fragment (pos 2317-2105 according to Gieien et al., 
EMBG 4, p. 835, 1984). 

3'nos (in pGSHIO) 

25 

A 182 bp 7a9l-C(ai fragment containing the 3' untranslated region of the nopaiine synthase gene (pos 
1 290-1472 according to Oepicker et al.. J.M.A.G. 1 , p. 561 , 1982) 

3'SSu3Q1 (in pGS1171, pGS1181) 

30 

A approximately 1.2 Kb Bglll-BamHI fragment derived from the 3 f end of the ssu301 gene was 
constructed by site-directed mutagenesis as follows: 

(which is TAA) 

Construction of a 3glII 
site through site- 
directed mutagenesis 

Example 3.1 



This example describes the construction of pHD205. an intermediate vector containing a chimeric 3t2 
toxin gene comprising: the nopaiine synthase promoter, the Bt2 toxin gene cassette from pHOlSO and a 

so DNA fragment containing the 3' untranslated region of the nopaiine synthase gene tnciuaing the 
poiyacenylation site, in the chimeric gene the Bt2 gene cassette is oriented such that the expression of the 
3t2 crotein can be obtained from the nopaiine synthase promotor. The Bt2 gene cassette was excised from 
PHD160 with 3amHI and 3giil anc inserted in the BamHI site of pLGV2382 (Herrera-Estreila et ai., EMBO 
J.. 2, 987-995. 1983). Two ug of pHDl60 DNA w r totally digested with respectively 2 units of Bgill and 

55 3am HI (Boehringer Mannreim) for i h at 37* C in a final voiume of 20 ul, using the incubation buffer 
described by Maniaris et al. {Molecular Cloning (1982), Cold Spring Harbor Laboratory, 133-134). Five ug of 
PLGV2382 DNA was totally digested with BamHI under the same conditions. Subsequently the terminal 5* 
phosphates were removed from the DNA by treatment with eaif Intestinal alkaline phosphatase (CIP) 



3s stop coding region 

s su3 0 1 . • . TTC TAAG TTATA 

coding • - . TT CTAAG ATCTATA 

sequence 

Bglll 
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Hindll.-BamH. fragment containing the Km* gene of pKC7 was substituted by the 20 bp Hindl.l-GamHI 
polymer g units of BamHI for , n at 37" C in a final volum of 20 ul. using 

/iqq5> Twn ua cf 0GV86I were digested with 2 units or ugui, aamni *inu rvui u 
^ 'voturne oT^ul. u'ng the incubln buffer described by Manias et a... Mojecujar aonjna. Co.d 

Spring Harbor Laboratories 1982 BamHI-aglll-Pvul digested 

^{^S.ZSi'SEt. PHOS03. M Bglll-SamHI fraomen, '^^SS^ 
is inserted in the ccrnsci cnentation in ton. ot the 3' end of the octopine synthase oene. pHOSO M 
S „S llHr s L. locafcd »e^n th. Pseu pton«o, * «> 2S£ «- 

Steo 3- Insertion of the Bamffl-Bglll Bt2 gene cassette into the BamHI site cr P " U = UJ ." y . 

Bglll and 2 units ct BamHI for i hour at 37 C in a imal volume of 20 4 nvei ugof pnu 

digested »* 5 units of BamHI to completion under the same conditions. "» il^,-, 

SSns desoibed by «a«s e, al.. »~>~**S . ««* £"|S2 S^rS ONA 22 



volume ot 20 ul. . ., /rjaoert and Erhlich, Gene 6 

The ligation mixture was transformed into competent §. col. K51 4 « ^ <°^* n *™ ^ (l972 TCold 
noam 93-1 ffl Cells were olated on LB medium (Miller. Experiments m Molecular Genetics pa/ a 
( Sct iS Moratory, Mew Yo*> supplemented wim^». (20 ^^TSST 
mg/ml). Streptomycin-scectinomycin resistant clones were screened or the 

PiLids by restrict enzyme digestion of DNA ^^^^ SSn^S 
described by Birnboim and Ooly (Nud. Adds Res. 7, 1513-1523, 1979). P" U ^ UB f 
containing the 3t2 gene cassette inma ostentation with respect to the Pssu promotor was isolated 



and used in further experiments. 
Example 3.3 



o 



This example oescribes the construction of pGSHlSI. The ^^^^^^ 
chimeric Bt:NPTII fusion gene comprismg: *%P^£^^^^^^13 
olasmid (PTR2) (Veiten et al.. 1984, Embo J.. 3. 2723), the Bt.NPTll ,us.on genet 

-r^^^^ ^ - - — 

were performea as described in Maniatis et al.. Molecular Cloning (1982). 
Steo 1: Construction of pG3H50 (Figure 41) 

~ ms oiasm.d com*, the TR promoter PTR2 with a comc.etely intact 5' 

by an ATG-initiation cocon. followed by a un.aue 3amH. site, and the 3' untrans.atec eno or Ae uransenpt 

'"cOP^ .Velten at a, 1984) contains a Ca.-Hd... fragm nt composing the PTR2 ^d the PTR1 of the 
octoone Ti piasmid. Tc eliminate the BamHI pOP443 was ^^^^^X 
*icKv ends treatea with the Klenow fragment of E. col polymerase I and self- ga«d^,th 

After transicrmaticn. ampicillin-resisrant ccion.es were se.ecxea ana their piasmids -vere .creenea 
the acsence of BamHI anc Sail sites, yielding pGP4433SF. _ v , t ^ 

in order, to create a Gal site in front of the 3- untranslated end or J^J oolleSs I 

:984). pAP2034 was totally digested with BamHI, treated with the Klenow fragment or E col. pclymeras 
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rifampicin (100 ug/ml) and kanamycin (25 ug/ml). The physical structure of the T region of one of the 
transconjugants, pHD1050, was determined according to the method described by Ohaese ei aL, ( NucL 
Adas Res. 7 (1979), 1337-1849) by hybridization of P 32 labelled pHD205 against Hindill digested to total 
DNA of C58CI Ri f R pHD1050. Th structure of the T region of pHD1050 is aiagrammed in Figure 31. 

Example 9-2: 

The intermediate expression vector pHD208 was inserted into the acceptor Ti plasmid OGV226Q to yield 
the hybrid Ti piasmid pHDl076. As diagrammed in Figure 32 pHD1076 contains the cnimeric Bt2 gene 

70 under the control of the Pssu promoter as well as a chimeric gene containing the neomycin phosphotrans- 
ferase gene under the control of the Pnos promoter, positioned between T-ONA border fragments. The Ti 
plasmid pGV2260 is described in European Patent Application Number 33112985.2 (Publication Number 
0116713). The piasmid pHD208 was introduced into competent E. coii GJ23 ceils by transformation 
according to Dagert and Ehritch (Gene 6 (1980), 23-28). To select for sTcoii GJ23 cells transformed with 

75 pHD208, the transformation mixture was plated on LB medium (Miller, Experiments in Molecular Genetics - 
(1972), Cold spring Harbor Laooratory, New Ycrk) supplemented with carbeniciilin (100 ug/ml). 

Liquid LB medium was inoculated by one of the transformed E. coli colonies and cultured overnight 0.1 
ml of the overnight culture of the E. coli strain carrying all 3 piasmids was conjugated overnight with an 
overnight culture of the C58C! Rif fir "(pGV2260) at 28 "C on LB medium (Miller, Experiments in Molecular 

20 Genetics (1972), Cotd Spring Harbor Laboratory, New York). Agrobacterium strains containing hybrid TI 
plasmid, resulting from a singie cross-over event between pGV2260 and pHD208 were isolated by selecting 
for the streptomycin-spectinomycin marker carried by the pHD208 plasmid on minimal A medium (Miller, 
Experiments in Molecular Genetics (1972), Cold Spring Harbor Laboratory, New York) supplemented with 
spectinomycirT (300 ug/ml) and streptomycin (300 ug/ml) and streptomycin (1 ug/ml). 

25 Transconjugants were purified on LB medium (Miller. Experiments in Moiecuiar Genetics (1972), Cold 
Spring Harbor Laboratory, New York) supplemented with rifampicin (10G"ug/ml). speciinomycin (1 00 ug/ml) 
and streptomycin (300 ug/ml). The physical structure of one of the transconjugants, OHD1076, was 
determined by hybridizing P 32 labelled pHD208 against Pstl digested total DNA of C58CI Rif* pHD1076 
according to the method described by Ohaese et al. T (Nuci. Acids Res. 7 (1979),* 1837-1849). The physical 

3Q structure of pHD1078 is shown in Figure 32. 

ELxamoie 9.2 



Tne intermediate expression vector pGSHl51 was inserted into the acceptor TI piasmid pGV2£60 to 
35 yield the hybrid Ti piasmid pGSH51. 

The method used was a trioarentai cross according to Dittag et ai. (1980), PNAS, 77, 7347-7251. 
Uauid LB meaium was inoculated with one of the pGSH151 transformeo E coii K514 colonies and 
cultured overnight at 37 "C. 0.1 ml of this culture was piated together with 0.1 mi oTovemight cultures of 
HB101 (pRK2013) rigurski & Heiinski (1979), PNAS , 76, 1648-1652 and 0.1 ml of C58CI flif R (Van Larebeke 
jo et aL, Nature , 252. 169-170) on LB plates and grown overnight at 28* C. 

The ceils were coilecied from the LB plates and dilutions were plated on minimal A. medium (Miller, 
Experiments in Molecular Genetics, 1972, Cold Spring Harbor Laboratory, New York) supplemented with 
scectinomycin (300 ug/ml) and streptomycin (1 rng/mt). Transconjugants were purified on LB medium 
containing rifampicin (100 ug/ml), spectinomycin (100 ug/mt) and streptomycin (300 ug/ml). The physical 
*5 structure of one of the transconjugants, pGSl151, was determined by hybridising r 22 ladeiec pGSH151 
against Pstl-SamHI digestec total DNA of C58CI Rif R (pGS1151) according to Dhaese et aL N.A.R., 7 (1979) 
1937-1349. 

* 0. isolation of piant oeils ana aiants containing the chimeric toxin gene inserted in their genome 

50 

-rccscures: 



Two oifferent crctocois are described here ror the Tansformation of tobacco ciani ceils with transforma- 
tion vectors such as those desenbed in Section 9 and 'or the generation of ccllus tissue ana'or differentiated 
=5 plants from :hese transformeo ceils. 

-'CC3aure i : Cccuitivaticn of crotooiasts 
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a) Grow nopaiine positive or kanamycin resistant calli for 4 weeks. 

b) Transfer the differentiating caili on hormone free Murashige and Skoog. 

c) Grow for 3 weeks. 

d) Separate shcots and transfer to the same medium, grow for 2-3 weeks till plants form roots. 

5 e) At this stage small plants are transferred to grow in 250 ml containers containing 50 ml of half strength 
hormone free Murashige and Skoog medium. 

f) Grow for 2-3 weeks. Remove a lower leaf for nopaiine detection or screening of kanamycin resistance 
activity and for immunological detection of the toxin. 

The leaf disc (also at times referred to herein as leaf segments) assay for testing Km resistance of a 
to plant is performed as follows. Small discs are cut out from "in vitro " grown plants and transferred to petri 
dishes containing callus inducing medium (M&S macro and micronutrients and vitamins 3% sucrose, 500 
mg/l Claforan, 1 mg/l NAA and 0.1 mg/l BAP) with various kanamycin sulphate concentrations (50-500 mg/1). 

After three weeKs incubation in a plant tissue culture room, callus growth on the leaf discs is monitored. 
The Km resistance level of the plant is determined as the highest concentration of Km on which the leaf 
is discs still give rise to caiius tissue. 

Screening for the presence of nopaiine (nopaiine assay) is performed according to the procedures 
described in Aerts M., Jacobs M., Hemalsteens «J-P. f Van Montagu M. and Scheli J, (1979) Plant Sci. 
Letters 17, 43-50. ~ 

20 Composition of medium 55: 



- Haif strength of the Macronutrients of the Murashige and Skoog salts 
■ - i ml/1 of 1000 x Micronuthents. Heller mcdifed 

• 1 ml/1 of 1000 x vitamins Morei & Wetmore 
25 - 1 00 mi/i inositol 

- 10 mi/I of a stcck solution containing FeSCU 5.57 g/l and Ns^EDTA 7.45 g/l 

- 3enzylaminopurine 1 mf/i 
Naphthalene acetic acid 3 mg/l 

- Mannitoi 80 g/l (0.44M) 

30 

Sucrose 20 g/l 
1000 x Vitamins Morel 
and Wetmore for 100 ml 

35 ————————————— 

Ca oantotenate 100 ma; 
Biotine 1 mg; 
Niacine 100 mg; 
40 Pyridcxine 100 mg; 
Thiamine 100 mg; 



-J5 

Comoositton of medium 55: 



Medium 56 is the same as medium 55 except for the addition of naphthalene acetic acid at 02 mg/l 
50 ano aiutamine i mM. 

Procedure 1: !nfec;:cn cf leaf segments with Agrobacterium strain C581 Rif ft containing a hybnd Ti piasmid 



This procedure describes *he infection of leaf segments with C58CI Rif ft and the isolation of transformed 
55 csii lines dv selection on <anamyc:n containing medium. 

Sterile Nicotiana taoacum cv. Petite Havana SR-1 plants were grown in vitro in plant nutrient agar 
containing naif strength ot the complete Murashige & Skoog (M&S) sait mixture complemented with half 
strength of the organic nutnents and sucrose of complete M&S medium. Twenty SR-1 leaf segments of 



Micronutrients Heller 

modified (500 ml) 

500 mg ZnSO^ 7H 2 <3 
50 mg H^BO^; 

50 mg MnS0 4 . 4H 2 <D 

50 mg CuS0 4 . 5H 2 0 
15 mg A1C1 3 ; 
15 mg HiCl- 
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T-ONA: Pssu-at2 (Bt2 gene fused to Pssu) 
Selectable marker: kanamycin resistance 
Transformation method: leaf disc infection. 



5 Using conditions described in procedure 2 either cailus transformation of shoot induction was performed 
on the infected leaf discs. Using the callus induction protocol, a number of calli were obtained by partial 
purification and maintained as separatee semi clones. On the basis of positive immunoassay results 5 of 
these iines were selected for further propogation (1076-4, 10. 11, 12, 13). From the shoot induction protocol 
used in the initial stage of !eaf disc infection a number (72) of kanamycin resistant piants were regenerated 

to (selection on 50 ug/ml Km). 

When retested by leaf disc assay 65% of these proved to be truly resistant to 50 ug/ml Km. From 
leaves cf some "in vitro" prooagated plants, cailus tissue was generated and propagated "in vitro " for 
further testing. 

75 Example 10.4: Calli and piants transformed with pHD1080 



T-ONA: Pssu - Transit peptide (Tp) Bt2 
Selectable marker: kanamycin resistance/(Nos) 
Transformation method: leaf disc infection. 



Kanamycin resistant caili and shoot were induced following procedure 2. Approximately 20 kanamycin 
resistant cailus lines were analyzed for nopaiine expression and ail were found positive. 86 kanamycin 
resistant shoots were selected, propagated "in vitro" and retested for kanamycin resistance (using the leaf 
disc assay) and for nopaiine expression. 
25 52 piants (60%) were both kanamycin resistant and nopaiine positive, and these were further propa- 
gated "in vitro." Approximately 10% of the plants expressed only one of the two markers. 



Example 10.5: Plants transformed with pGSIHO 



so 7- ON A: Pnos-8t:NPTII (fusion) 

SelectaDie marker: kanamycin resistance/Nos 
Tranformation method: 'ear disc infection. 



Leaf discs from "in vitro" maintained SR-1 piants were incubated during 48 hours with a suspension of 

35 Agrooacterium tumefaciens C58C! Rif* pGSmO (procedure 2). Similar dilutions of different control strains 
containing cnimeric genes encoding intact NPT1I were included. After two weeks active shoot formation on 
M&S medium containing 50 mg/'l kanamycin was observed both with the controls and pGS1110. However, 
after transfer to fresn selective M&S medium, a difference became apparent between the controls and 
pGS1H0. Some shoots cn discs inoculated with the latter strain turned yellow and were growing slowly. 

40 The best growing and green shoots were transferred to medium without kanamycin. Part of them couid be 
rescued in this way and started growing normally after the second transfer on kanamycin free medium. 

About 70 shoots were rescued from the pGSmO transformation experiment Screening among 35 of 
these shoots showea shot 28 of these (85%) were reai transformants since ihey produced nopaiine. This 
important observation suggests that, although the shoots have not been maintained for a long period on Km 

-is containing medium, phenotypicai selection for the expression of the fusion protein had occurred. 

Tne obtained shoots were propagated "in vitro" as small piants on nonselective medium. A number of 
these piants were tested for Km* 9 resistance sing the leaf disc assay. Most of them expressed a certain 
levei of Km* since they formed callus on Km containing medium. Variable resistance ieveis were recorded* 
in the range of 50-500 rrsg Km/iiter. However, most of the plants were oniy resistant to low levels of Km. 

so Two out of a rotai of 51 piants showea resistance to 200 ug/ml Km and partial resistance to 500 ug/ml Km 
ivery weak callus growth). 

rcr a number of plants, copies were transferred into vermiculite pots. When reaching 10-15 cm h ight a 
r'irst insect toxicity test was oerormed on ieaves cf these plants (s e section 13). 

55 Examoie 1 0.6; Plants Tansformea with cGS1l6l 



! -ON A : ?TR2-3t2 

Seiectaote nnarKer: :<anamycin resistance 
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the ELiSA described in Section 5 and adapted for assaying plant extracts. 

Conditions for preparing and assaying plant extracts were established in reconstruction experiments in 
which purified St2 protein was mixed with plant extracts. 

tn reconstruction experiments we observed no significant loss in antigenic activity of 3t2 protein (less 
s than 20%) due to the presence of plant extracts. In the ELISA assay, as little as 0.1 mg/mi purified Bt2 
protein was still detectable. However, in reconstruction experiments a certain variaoiiity in background 
occurs, probably causea by piant proteins present in extracts. Therefore, reliable detection limit in these 
conditions was of the order of 1 ng/g tissue, which corresponds to a level of 2 ng Bt2 protein per g of plant 
tissue. 

11.1 Screening of individual calli 



For the immunological screening of individual caiii, the following experimental procedure was estab- 
lished: 

75 Two hundred mg of callus tissue was mixed with 150-200 ul of extraction buffer. Extraction buffer had 
the following composition: 50% of a solution of Na 2 C0 3 500 mM and DIT 100 mM and 50% fetal calf 
serum. The tissue was homogenized by crunching with a spatula whereafter the cell debris were 
centrifuged. Fifty ui of supernatants was added to 50 ui of PBS pH 7.4 + 10% fetal calf serum in wells of a 
microliter piate coated with goat antibodies against B.t crystal protein as described. During the entire 

20 procedure the samples were kept in ice and the microtiter plates were incubated at 4* C for 1.5 - 2 hours. 
Thereafter the ELISA procedure was continued as described in 5.1 for detection of Bt2 protein with either 
rabbit anti-Bt2 serum or with a mixture of monoclonal anti-Bt2 antibodies 4D6, 10E3, 1.7, and 4.8 (under the 
form of culture supernatants). 



25 Example 11.1: 

Analysis of calli transformed with C58C1 Rif R pHD1050. 

Transformed cailus clones were obtained through the protoplast cocultivation method as described in 
Section 10 Example 10.1. Since 19% of the ciones were found to express nopaline (Nos*), at least 19% of 
30 them were transformed. However, due to an additional border sequence in the intermediate expression 
vector (pLGV2382) the nos gene and the Bt2 gene can be inserted independently as well as tandemiy. 
Therefore both Nos and Nos" clones were screened in the EUSA assay. 

A total of 180 callus ciones (130 nos" 50 nos*) were tested. Some of the clones were retested once or 
twice at difrerent time intervals after the initial propagation from protoplast culture, in none of the cases 
could a ciear positive signal be recorded. When the substrate reaction times of the assay were prolonged 
(overnight incubation at 4 3 C) some of the clones (both nos' and nos") produced a very weak signal above 
the background (background being control cailus without Bt2 gene). However, since the obtained values 
were cfeariy below the reliable detection limit of the test system, no firm conclusions could be drawn 
concerning the expression of 3t2 protein in these caili. 



35 
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Examoie 11.2: 

Detection or Bt2 protein in tobacco cailus tissue transformed with C58CI Rif H pHD1076. 

Transformed cailus tissue obtained from leaf segment infections using Agrobacterium strain C58CI Rif" 
(PHD1076) (see Section 10. Example 10.3), were screenea immunologically for the presence of Bt2 protein. 

After initial propagation caiii were transferred for a second time after 20 days. When they reached 
optimai growth, 200 mg was used from each callus line for immunological screening in the ELiSA. In a first 
exDenment 9 out of 1 4 transformed calli showed a positive signal clearly above the background obtained 
with :he 4 control caiii luntransformed SR-1 callus), when reactec with a specific rabbit anti Bt2 serum, (see 
ngure 34). Three transformed calli generated a signal corresponding to approximately 5 ng Bt2 protein per 
gram tissue, as determined by comparison with a positive control (control SR-1 mixed with a known amount 
of 3t2 protein). All samoies gave signals equai to background level signals (obtainea with SR-1 control 
cailus > when reacrad with normal rabbit serum as a negative control. In a second exp riment 13 out of 21 
transrormed caiii yielded a signal significantly above background (Figure 35). One of the caiii generated a 
signal corresponding :o 4 ng of 3t2 per gram tissue. These results incicate that Bt2 protein is produced at a 
aetectaDie ievel in a fraction of the calli transformed with pHDl076. 

About 5 weeks after rhe first EUSA experiments, 4 selected lines (1076-10, it, 12 and 13) which in th 
initial screening gave high positive values, wer retested in ELISA. From each lin several "subclones" 
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extract (total volume 2 mi). Reconstruction experiments (8t2 added to SR-1 control callus at the beginning 
of the extraction), indicated that oniy 20% of Bt2 protein is lost during the extraction procedure and that 
80% is contained in the pH 4.5 fraction. Based on these results, one could calculate that the total amount of 
Bt2 protein originally present in 140 g cailus was 305 ng t which is 2.2 ng/g, a result that agrees well with 
5 the original estimates made for the screening of individual calli (see Figures 34 and 35). These data show 
that Bt2 protein present in extracts from transformed calli can be specifically concentrated using a 
precipitation procedure at pH 4.5 as described above, allowing us to quantify more accurately the amount of 
Bt2 protein produced in these plant tissues. 

ro Example 1 1 .2.2 : Calli transformed with pHD1 050. 

A 500 g pool of selected callus clones (on the basis of previous ELISA tests on individual calli, 
approximately 25 cailus lines, which gave vaiues above background, were selected) and homogenized in 
the presence of 1000 ml extraction buffer using the same procedure as described in Example 1. Material 
75 which remained soluble at pH 6, but precipitated at pH 4.5 was isolated by centrifugation and subsequently 
redissofved in a small volume of carbonate buffer pH 10 (see Example 11.2.1). Analysis of the material in 
ELISA revealed positive signals corresponding to 60 ng/ml Bt2 or 12 ng/g callus tissue (Table 8). 



20 
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Example 1 1 .2.3: Calli transformed with pHDlOBO and pHD1080. 



In this exampie a slightly different and more extensive extraction protocol was used for the isolation of 
Bt2 protein from the engineered plant materia]. A protocol was developed to recover eventual residual Bt2 
protein that would not be solubilized in a single extraction step as used in the procedures of Examples 
11.2.1 and 11.2.2. Such could be the case, since Bt2 protein contains some highly hydrophobic regions 
25 which possibly interact with plant ceil membrane structures and therefore would be difficult to solubiiize in 
the aosence of detergents. The step by step procedure used here would allow the recovery of additional 
proteins associated with insoluble plant ceil structure. A schematic representative of the protocol is given in 
Figure 37. 

A first protein fraction is obtained by extraction in carbonate buffer pH 10 + DTT and concentration 
30 through acid precipitation (pH 4.5) (fraction I). This fraction corresponds to the pH 4.5 extract obtained using 
the procedure in Examples 11.2.1 and 11. Z2. 

Material not solubilized in this first extraction step and remaining in the pellet is then treated with the 
same extraction buffer containing 1% Triton X-100. Proteins, solubilizing in these conditions and precipitat- 
ing at pH 4.5 are containec in fraction II. The last step involves solubilization in 2% SDS followed by 
35 acsione precipitation, yielding fraction 111. Fractions I and II are analysed in ELISA and' Western blotting; 
fraction HI, which contains SDS. is only analysed in Western blotting. 

ELISA results are given in Table 8: positive signais were detected in fractions I and II of both 
constructions 1060 and 1080. corresponaing to Bt2 leveis of respectively 1.9 and 1.4 ng/g original tissue (fr. 
I) and 0.27 and 0.29 ng/g (fr. II). Western blotting of the SDS solubilized material (fraction 111) revealed the 
presence of a faint approximately 130 Kd band for both 1C60 and 1080 callus material (using racbit ami-3t2 
serum). Detection limit of the Western blotting was 10 ng/lane. therefore these fractions contained at least 
0.39 ng/g for 1060 and 0.5 ng/g for 1080. 

Western blotting of fractions I of 1050, 1060 and 1080 did not reveal the presence of a 130 Kd band 
probably because the concentration of Bt2 protein is too low in these fractions. 

Tne present resuits indicate that low leveis of Bt2 protein are indeed expressed in calli transformed with 
PHD1060 and pHDlOSO. Although small scaie analysis of individual calli might not allow detection of 
immunopositive clones in rhese constructions, a more rigorous extraction and concentration procedure on a 
cool of selected caili c:eariy resuits in reliable and quantitative detection cf Bt2 protein. A substantial 
-raction cf the Bt2 was nrcngiy bound to insciuoie plant material and could only ce released ucon use of 
50 detergents such as i ritcn and SDS. 



1i .2 Detection of 3t2 protein in leaves cf regenerated transformed plants 

:-cr tie routine zesting of 'eat samcles the following procedure was established: 

Green ieaf tissue <2C0--00 mq; was raken from "In vitro" grown plants (5-10 cm high as described in 
ejection 10. Example i) and homogenizea in the presence of exxraction buffer (200 ul), containing 50% of: 
Na 2 CG 3 500 mM. :G0mM DTT, 480 ug/mi leuoeptine (Sigma. L-2884), 2 mM PMSr, 2mg/ml ascorbic acid 
vSigma, A-/ 631), 2 rrM EDTA and 50% of FCS. Th tissu was homogenized by crunching with a spatula 
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Procedures : 

Toxicity assays were performed on first instar larvae of Manduca sexta, fed on artificial diet Three to 
four mi of liquid artificial ciet (Sell, R.A. & Joachim, F.G. (1976) Ann. Entomoi. Soc. Ann. 59: 365-373) were 
5 dispensed in each compartment (4 cm 2 ) of square Petri dishes. Formaldehyde was omitted from the diet 
After the diet had become solid, 200 ui of a known dilution of sample was applied on the surface of the diet 
and dried in a cool air flow. Four newiy hatched larvae were placed into each compartment Growth and 
mortality were followed over a period of 3-5 days. 

io Example 12.1: Callus extract from calli transformed with pHDl076. 



A concentrated extract from a pool of calli, transformed with OHD1076 was prepared as described in 
Section 11.2 Example 11.2.1. Extract dilutions were applied onto the surface of the diet and its toxicity was 
evaluated. The extracted material 1 076 pH 4.5 clearly had a toxic effect on the Manduca sexta larvae: at 

is 12.5 ui/cm 2 ail larvae showed growth inhibition and at 50 ui/cm 2 100% died (Table 11). Toxic activity of this 
material was significantly diminished after immunoprecipitation (100% normal growth at 12.5 and 25 ul/cm 2 
and only 37% death at 50 ui/cm 2 ), inaicating that the toxic activity can be depleted by anti-Bt2 antibodies. 
Extract from untransformed SR-1 callus tissue, the negative control, was completely nontoxic. Since the 
presence of 3t2 protein in the extracts was quantified immonoiogically, we could correlate the observed 

20 toxicity with the determined 3t2 conce ntration. The immunoassay values indicated that 1076 pH 4 
contained 122 ng/mi 8t2. Thus, 50 ul extract per cm 2 corresponds to 6.1 ng Bt2 protein/cm 2 . Previous 
toxicity assays with Bt2 on Manduca (Section 5.2, Table 3) indicated that Bt2 at 12 ng/cm 2 is 100% lethal 
while 2.5 ng/cm 2 induces growth inhibition. 

Together these results indicate that the Bt2, expressed in engineered callus tissue, is a functional toxin 

25 and displays toxicity which is in the same range of potency as the bacterial Bt2 gene product 

1 3. Insecticidai activity exhibited by leaves of transformed tobacco piants 



Procedures: 



In order to evaluate the insecticidai activity expressed in leaves of transformed tobacco plants the 
growth rate and mortality of Manduca sexta larvae feeding on these leaves was recorded and compared 
with the growth rate of larvae feeding on untransformed SR-1 leaves. The following procedures were used: 

35 Procedure 1 



Subsequent experiments were carried out on leaf discs placed in Petri disnes. Four leaf ciscs of 4 cm 
diameter were punched out piaced on wet fiiter paper on a Petri dish together with 4x10 first instar larvae 
of M. sexta . Preferentially young leaves from the upper part of the plant were used. Twenty-four hours later 

jo a secona disc was added. Between 48 hours and 1 00 hours after initiation of the experiment the number of 
mouited insects were counted at regular time intervals. From this we couid calculate the MT50 time at which 
50% cf the larvae had mouited. The whole experiment was conducted in a growth chamber at 26* C, 90% 
relative humidity and under a photoperiod of 1 6 hours light and 8 hours darkness. 

In order to estimate the toxin leveis recuired to have a notable effect on growth rare and viability of 

J5 Manduca sexta larvae in tie present experiment, a series of reconstruction experiments haa to be included. 
To this end purified soiubilized 3t2 protein (Section 5.1) was serially diluted in PBS containing 0.5% Triton 
X-100. Standard volumes of 3t2 solution were mechanically sprayed (to obtain a very homogenous coating) 
on robacco leaf discs. Ten Ll (first instar) larvae were piaced cn each leaf disc, and 3 aiscs were used per 
2t2 concentration. Growth rate and mortality of the larvae were followed over a 100 hour period. 

50 

Procedure 2 



A procedure ^ssentiailv similar to rhe previous cne was aiso used. This expenmental protocol was 
however scmewnat more extensive in oraer to be more effective in reliably detecting very small effects on 
55 larvai growth rate. The set -jd was different from me previous one in the following aspects: 

- :are ,vas raKen that all plants were in exactly the same stage and concition so that the effecs on 
arval growth caused by cifferences in the conaiticn of the ieaf tissue wouid be minimal. 

- arval growth was followed up to the U stage (unlik previous experiments where growth was only 
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were retested in ExDeriment II, in order to confirm the observed toxicity effects. 
Exoeriment I: 



5 Tne test was performed as described in Procedure 2 (this section) except that only two groups of ten 
larvae were used per plant (newiy hatched Manduca sexta larvae). 

Growth rate and mortality of the larvae were foi lowed over a 7 day period and the larval weight at the 
end of this period was determined. Detailed results from Experiment I are represented in Table 15 and 
indicate that larvae feeding on several plants transformed with pGS1151 show significant growth inhibition in 

70 the initial stage of the experiment as compared to larvae feeding on a control plant For example, after 71 
h, 60% of the larvae feeding on control plant N21-107 have gone to the L2 stage, while the number of 12 
larvae is oniy 15% or less on plants N21-18. 43, 53, 50 and 11. When followed over a longer period, 
significant mortality was recorded in the larvae feeding on pGS1151 transformed piants. On one of the 
plants (N21-11), mortality reached 100% after less than 7 days. Mortality on the control plant oniy reached 

15 15% on day 7 and 45% of the larvae had already gone to the L3 stage (this in contrast to the other plants 
having substantially no L3 larvae on day 7). 

£xDeriment II: 

20 Results from a second insect test (il) involving newly hatched M. sexta larvae was performed on some 
of the plants also used in Exp, I, following Procedure 1. Results are~presented in Table 16. A high mortality 
raie was recorded in the piants transformed with pGSUSt (75-100% death) while nearly all the larvae 
feeding on the control plants N21-102, 104 and 107 were still viable after 4 days. A complete list of ail the 
plants used in insect tests I and II is given in Table 17. Also indicated are the Km resistance levels 

25 determined for the plants transformed with pGS1151; the percentage mortality of the larvae feeding on 
these plants after several days; and the mean weight of the larvae that survived after 7 days in Exoeriment 
l. 

Conclusion: 

30 

Tobacco plants transformed with pGS1151 and selected for high Km resistance dearly induce severe 
toxic effects on larvae feeding on these plants. The effects on insect larvae observed here, are the same as 
those induced by The 3.i. toxin of bacterial origin (see Section 5.2, Tabies 2 and 3); that is, growth innibition 
in the initial stage (retardation in the transition from one instar to the next) followed by death. 

■25 It is apparent from Table 17 that the plants exhibiting the highest levels of Km resistance (500 ug/ml 
Km) aiso induce the highest mortality rates. Thus, using the fusion protein construction, we were able to 
seiect for efficient expression of toxicity by selecting for Km resistance. 

It should be noted that the use of a fusion protein, as described herein, may represent a particular 
advantage, not oniy because direct selection for transformants of interest can be done, but also because the 

40 fusion protein itself might have some intrinsic useful properties. For example, Bt2:NPTII fusion proteins 
mignt be more stable in plant ceils than intact Bt2 protein and/or the messenger RNA derived from the 
fusion genes might be more stable than intact 8t2 RNA. 

1 4. Stable inheritance of new phenotype. accuired through transformation 

A substantial fraction of the plants transformed with the transformation vectors described herein will 
contain, stably inserted into their genome, a fragment of newiy acquired DNA containing both a chimeric St 
toxin gene and a marKer gene mos, iMPTll). This was confirmed by the resuits of southern biotting 
^xceriments. The new phenotypic traits acquired through :his transformation method (expression of Bt 
so Tcxin, antibiotic resistance, nooaiine orocucticn) will be inherited acccrcing to classic Mendeiian genetics. 
Tc verify stable innentance cf the new traits. Fi sesceraants from transformed plants were analysed £ or the 
excression cf 3t toxin and synthesis of ncpaiine. 

Transfcrmec tobacco ciants were allowed to flower and qive seec. Cure was taken tnat no cross 
ooilination cccurec. Frcm 4 plants previously identified as Bt" (161-9, 1Q~\ t47~ 3 , 174), seeds were 
J5 germinated in agar mecium and F: piants were analysed for the presence of nopaiine (nopaJine synthase 
being present as marker gene in the parental plants). Plants were tested 3 weeks after germination 
(aooroximateiy 1 cm in heignt) cr later at 5-7 weeks- (2-4 cm). The results are depicted in Table 18. 

From piants :0-i anc 147-3 about 3/4 of the F : were nos", wnich is expected from Mendeiian 
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E. coli X514 (pLBKml820) ATCC 53388 



E. coli JM83 K12 (pSSU301) ATCC 53391 



rL coli x514 (pLBKml860) ATCC 53387 

tumefaciens C58C1 Ery R Cml R (pHDIOSO) ATCC 53385 

A^ tumefaciens C58C1 Rif R (pGSlllO) ATCC 53386 

tumefaciens C58C1 Rif R (pGSllSl) ATCC 53392 

A^ tumefaciens C58C1 Rif R (pGSllSl) ATCC 53393 

A_^ tumefaciens C58C1 Rif R (pGS1152) ATCC 53394 

A^ tumefaciens C58C1 Rif R (pGS1163) ATCC 53395 

tumefaciens C58C1 Rif R <pGS1171) ATCC 53396 

A;_ tumefaciens C58C1 Rif R (pGS1181) ATCC 53397 

A_^ tumefaciens C58C1 Rif R (pGS1182) ATCC 53398 

A^ tumefaciens C58C1 Rif R (pGS1251) ATCC 53399 

A^ tumefaciens C58C1 Rif R (pGS1261) ATCC 53400 

tumefaciens C58C1 Rif R (pGS1253) ATCC 53401 

A. tumefaciens C58C1 Rif R (pGS1262) ATCC 53402 



Their viability 'vas :3Sied and confirmed cn 27th December 1985. 
Cultures cf £. ~o» K514 are commerciaily available 
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70 



75 



TABLE 4 

Tnvi gity of Bt;NPT2 Fusion Protein o n 3rd Instar 
P. hrafisieae (% Mortality After 4 Days) 



Bt protein 



0.1 



Toxin dose lug /ml) 
0.2 0.3 0.6 



20 



Bt2 



Bt:NPT2 



70 



NT 



NT 



(x) 



80 



90 



NT 



NT 



100 



100 



NT 



25 



< x > NT « Not Tested 



30 



35 



40 



45 



50 



55 
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TABLE 6 

Toxicity of BtiNPTII Fusion Proteins or Bt2 
Deletions on 3rd Instar P. brassicae Larvae 

(% Mortality After 4 Days) 



E. coli 
strain 



Exp 



Dilution 
1/100 



Bacterial Extract 
1/10 1/3 



NF- (neg. 

control) 

pLBKm860 

pL3Km8 6 5 



100 
2 



98 
0 



100 
0 



Exp. 2 1/2S 1/5 1/1 
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TABLE 8 



Results Bnnanoassaya on Fooled Callus Ebctracts 



70 



75 



Construc- 
tion 



ug/rcil 



Total 
Volume 



(ml) 



Bt2 in 

ELISA 

ng/ml 



Blotting 
ng/g Volume 130 Kd 
(ul) 



20 



25 



30 



pHD1050 


I 


9650 


10 


60 


1.2 


50 




(500 g) 
















pHD1060 


I 


7800 


8 


95 


1.9 


50 




(392 g) 


n 


640 


1 


105 


0.27 


200 


♦ 


m 


N.D. ,X> 


0.3 


N.D. 


N.D. 


20 


+ 


pHD1080 


i 


4150 


2 


72 


1.2 


50 




(100 g) 


u 


326 


1 


29 


0.29 


N.D. 


N.D. 




III 


N.D. 


0.5 


N.D. 


N.D. 


100 


+ 



35 



(X) 



N.D. = Not 



40 



45 



TABLE 9 



Levels of Bt2 Protein Detected in Leaves from 5 


Immunopositive Plants Transformed by pHDlOSO 


Plant Isolation Number 


ng Bt2/g Plant Tissue 


161-9 


25.0 


10-1 


7.6 


10-2 


6.0 


I 147-3 


14.0 


i 147-9 


9.2 



50 



55 
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TABLE 11 



Toxicitv of Callus Extract on Manduca Sexta Larvae 



10 



15 



Extract 



Results After 



Volume Total ________________ 

Per cm Number LI WC L2 Dead 
(ul ) Larvae 



20 



1076 
pH 4.5 



12.5 
50 
100 



4 
4 
4 



1 



25 



SR-1 
pH 4.5 



50 



8 



8 



30 



35 



(Control No 
Plant Extract) 



44 



43 



After Immunoprec: 



1076 
pH 4.5 



25 
50 



12 
8 



12 
3 4 



SR-1 
so oH 4 . 5 



50 



8 



55 



51 
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TABLE IS 



Growth Rate and Mortality of Manduca sexta Larvae 
Feeding on Leaves From Tobacco Plants Transformed 

with PGS1151 (Experiment I) 

Represented are: 



Numbers of larvae in a certain stage (LI, L2 or L3) 



feeding on the tobacco leaves 



Plant N21-50 



N21-35 



(Hours) 


J) LI L2 L3 


_D 


U 


L2 


0 


20 




20 




55 


20 


c 
«* 


15 




61 


1 19 


5 


14 


1 


66 


1 19 


c 


11 


4 


71 


1 19 


6 


5 


9 


76 


1 18 1 


7 


4 


9 


81 


1 18 1 


7 


4 


9 


87 


1 18 1 


7 


4 


9 


92 


2 17 1 


8 


3 


9 


119 


11 7 2 


12 


i 


7 


136 


12 4 4 


12 




8 


144 


12 4 4 


15 




5 


159 


13 3 4 


17 




3 


168 


15 1 4 


17 




2 



L3 



> a: 


fter 


a 


period 


Of 




N21-11 




N21-56 


D 


LI 


L2 


L3 _D 


L1L2 L3 




20 






20 




20 






20 


1 


19 






20 


1 


19 






19 


3 


19 




1 


9 10 


5 


15 




1 


8 11 


5 


15 




2 


7 11 


5 


15 




2 


7 11 


8 


12 




2 


3 15 


18 


2 




3 


1 16 


19 


1 




4 


16 


19 


1 




4 


16 


20 






4 


16 


20 






4 


15 1 
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TABLE 17 (cont'd) 



# 



R % Mortality 
Plant Hn B<p. I 

No. (ug/ml Km) (after 168 h) 



II 

(after lie h) 
(or 120 h*) 



Mean Weight Surviving 
Larvae tag/ larva) 
Sep. I 
(after 168 h) 



45 

50 
53 
56 



200 
500 
500 
200 



30 
75 
90 
20 



N.T. 
100 
100' 
75 



13.7 
10.7 
12.5 
22.4 



Co ntr ols; 

N21-102 — 

104 — 

107 — 



N.T. 
N.T. 

15 



0* 
0* 
5* 



N.T. 

N.T. 
44.1 



N.T. = Not Tested 



TABLE 18 



Frequency of Nopaline Positive Plants in the Fi Generation Derived from Transformed 




Tobacco Plants 






Piant No. of 


Age of the Seedlings 


Total Number of 


Nopaline 


% Nopaline 


Parental Piant 


Tested (wks) 


Plants Tested 


Positive 


Positives 


147-3 


3 


74 


56 


76% 




7 


13 


11 


35% 


10-1 


3 


25 


20 


80% 




7 


9 


7 


78% 


161-9 


3 


66 


18< x > 


27% 




7 


107 


ai 


76% 


174 


6 


45 


43 


95% 



,x| Nopaiine Signal Very Weak. 



Claims 



1. A transformed plant ceil containing a chimeric g ne which: is stably integrated in the genome of said 
ceil, is capable of being expressed in diff rentiated c lis of a plant derived -from said c II, and 
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fragment (c) codes for an enzyme capable of being expressed in said differentiated plant ceils and 
permitting identification of plant ceils expressing said truncated fragment (b). 

18. The cell as claimed in claim 17, -wherein said marker fragment (c) provides for kanamycin resistance or 
s encodes neomycin phosphotransferase. 

19. The cell as claimed in any of claims 1 to 18, wherein said promoter is a nopaline synthase promoter 
(Pnos), a smail subunit of nbulose phosphate carboxylase promoter (Pssu), such as Pssu301, a Tl 
plasmid-derived promoter (PTR), or a promoter fragment derived from cauliflower mosaic virus (P35S- 

w .1) or (P35S-2). 

20. A plant or differentiated plant cell progeny which comprises the plant cell as claimed in any of claims 1 
to 19. 

T5 21. A seed of a plant or progeny thereof as claimed in claim 20. 

22. A method of protecting a plant against a specific insect pest which comprises transforming the genome 
of said plant with said chimeric gene as claimed in any of claims 1 to 19 wnereby an insect controlling 
amount of said polypeptide toxin is expressed in ceils of said plant 

20 

23. A method of transforming a plant to protect it against a specific insect pest which comprises stably 
integrating, in the genome of said plant said chimeric gene as claimed in any of claims 1 to 19 
whereby an insect controlling amount of said polypeptide toxin is expressed in ceils of said plant 

25- Revendications 

1. Ceiluie vegetale transformed, contenant un gene chfmertque out : est integre de fagon stable dans le 
genome de iadite cellule, est capable d'§tre exprime dans des cellules differenciees d'une piante issue 
de iadite cellule, et comprend : 

30 (a) une region promoirice issue d'un gene qui est naturellement exprime dans une cellule vegetale ; 

et 

(b) un fragment ti'ADN obtenu par troncature d'un AON codant pour une proteine crista! produite par 
3aciilus thuringiensis ou ayant une sequence substantiate homologue a celle-ci ; ledit fragment 
tronque (b) ccdant pour au moins une toxine poiypeptidique de iadite proline cristal et fournissant 
as une quantrte luttant centre les insectes de iadite toxine poiypeptidique dans Iadite cellule comme 

resuitat de i'sxpression intraceiluiaire dutiit fragment tronque (b). 

2. Cellule seion la revendicaiicn 1 , dans iaqueiie iedit fragment tronque (b) est adjacenr ou fusionne a un 
fragment (c) marqueur d'ADN, pouvant §tre seiectionne ou quantifie, dans ledit gene chirnerique. 

40 

3. Cellule selon la revendication 2, dans iaqueiie iedit fragment marqueur (c) est fusionne audit fragment 
tronque (b) de sorte que lesdits fragments (b) et (c) cedent pour un polypeptide de fusion. 

4. Ceilule seion Tune queiconque des revendications 1 a 3. dans Iaqueiie (edit fragment tronque (b) code 
*s oour au mcins une toxine poiypeotidique active vis-a-vis de Lepidoptera. 

5. Celluie seion i'une queiconque des revenaicatiens 1 a 4. dans Iaqueiie leait fragment tronque (b) est 
issu d'un ADN qui cede pour Sa proteine crista! Bt2 ou une proteine ayant une sequence substantielle* 
homologue a ceile-ci. 

50 

5. Celluie seion i'une cueiconaue des revenaicatiens 1 a 5, dans iaqueiie ledit fragment trenque (b) est 
ootenu par troncature d'un ADN aui coae pour une proteine cristal produite par un 3t kurstaki, en 
particuiier 3t kurstaxi HD1 ou HD73. 

55 7. Ceiluie seion "une queiccnaue des revendicaiicns • a 5, dans iaauelle ledit fragment trenque (b) est 
obtenu par troncatura d'un ADN qui code pour une proteine cristal produite par un 3t beniner, sn 
parricuiier Bt beriiner : 71 5. 
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Patentanspruche 

1. Bne transformierte rflanzenzeile, die ein cnimares Gen enth&lt, das: stabil in das Genom dieser Zelie 
integriert ist, in differenzierten Zellen einer Pfianze, die von di ser Zeiie abgeleitet ist, exprimiert 

5 werden kann und umfaflt: 

(a) sine Prcmotorregion, abgeieitet von einem Gen, das nattlriich in einer Pflanzenzelle exprimiert ist 

und 

(b) ein DNA-Fragment erhalten durch Ausiese einer ONA, die fOr ein Kristailprotein codiert, das von 
Bacillus thuringiensis erzeugt wird, oder wesentliche Sequenzhomoiogie dazu aufweist; wobei das 

/o ausgeiesene Fragment (b) fur zumindest ein Pciypeptidtaxin des genannten Kristailproteins codiert 

und eine insekten-bekampfende Menge des genannten Poiypeptidtoxins in der genannten Zelie 
liefert ais ein Ergebnis von intrazeiluiarer Expression des genannten ausgeiesenen Fragmentes (b). 

2. Zelie nach Anspruch 1 , worin das ausgeiesene Fragment (b) benachbart ist oder verschmoizen ist 
75 zu/mit einem auswahibaren oder durchmusterbaren DNA-Markerfragment (c) in dem chimaren Gen. 

3. Zeiie nach Anspruch 2, worin das Markerfragment (c) mit dem ausgeiesenen Fragment (b) verschmoi- 
zen ist. so da/3 cie Fragmente (b) und (c) ein fusioniertes Polypeptid codieren. 

20 4. Zelie nach einem der Anspruche 1 bis 3, worin das ausgeiesene Fragment (b) fur mindestens ein 
Polypeptidtoxin codiert, das gegen Lepidoptera aktiv ist. 

5. Zelie nacn einem cer Anspruche 1 bis 4, worin das ausgeiesene Fragment (b) von einer DNA stammt 
die fur das Bt2-Kristailprotein oder fur ein Protein mit im wesentlichen Sequenzhomoiogie dazu codiert. 

25 

6. Zeiie nach einem der Ansprucne 1 bis 5, worin das ausgeiesene Fragment (b) ertiaiten worden ist 
durch Ausiese einer ONA, die fur ein Kristailprotein, produziert von einem Bt KurstaKi, insbesondere Bt 
Kurstaki HD1 oder HD73. codiert. 

30 7. Zeiie nach einem der Anspruche 1 bis 5, worin das ausgeiesene Fragment (b) erhaften worren ist 
durch Ausiese einer DNA, die fur ein Kristailprotein, produziert von einem Bt Berliner, insbesondere Bt 
Berliner 1715, codiert. 

8. Zelie nach einem der Anspruche 1 bis 5, worin das ausgeiesene Fragment (b) erhaiten worden ist 
25 durch Ausiese einer DNA, die fur ein Kristailprotein, produziert von einem 3t Sotto, coaiert 

9. Zelle nach einem der Anspruche 1 bis 3. worin das ausgeiesene Fragment (b) fur mindestens ein 
Polypeptidtoxin ccciert, das gegen Coleoptera aktiv ist. 

40 10. Zslle nach einem der Anspruche 1 bis 9. worin das ausgeiesene Fragment (b) ein Polypeptid von 60 
bis 80 Kd codiert. 

11. Zeiie nach Ansoruch :0, worin das ausgeiesene Fragment (b) erhalten worden ist durch Ausiese eines 
Gens, cas ein 130 Kd- Kristailprotein, produziert von einem Bacillus thuringiensis , codiert. 

, 45 

12. Zeiie nach Ansoruch 11, worin das ausgeiesene Fragment (b) die srsten 1820 Nukieotide umfaflt 
ausgehend vom N-:erminalen Ende ces Bt-Gens. 

13. Zeiie nacn einem der Anspruche 1 bis 11. worin das ausgeiesene Fragment ein Kpnl-Deletionsfragment 
50 einer ONA isi. aie fQr Kristaiiorotein eines Bacillus Thuringiensis codiert. 

14. Zelie nach einem rer Ansprucne 1 bis 13, wcnn in dem chimaren Gen ATG-Triplets zwischen der 
Promoiorregion a) 'jna sinem initiator ATG-Triplet des ausgeiesenen Fragmentes (b) rehien. 

55 15. Zeiie nacn 9inem der Anspruche 1 bis 14, worm a as chimare Gen auch eine 3' nicht-translatierte 
Region, aogeieitei von ainem Gen, das natiiriich in einer P'lanzenzelle expnmiert ist. umfadt. 

16. Zelie nach einem zer Anspruche 1 bis 14, worin das cnimare Gen weiter eine 3* nicht-transiatierte 
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FIO.UA. 



SEQUENCE COMPARISON OF FOUR BACILLUS THURINGtENSIS TOXINS 

10 20 \30 40 SO 

MONNPNINEC IPYNCLSNPE VEVLGGERIE TGYTPI DISL SL TQFLLSEF 



60 70 
VP GA6FYL SL VDI IWGJ FGP 



80 90 100 

SOW OAF L VOI E 0L1N0RIEE FARNQAISRL 



ffO 120 
£SL SNL YQIY AESFREWEAO 



130 140 
P TNPALREEU RIQFNOMNSA 



150 

LTTAIPLFAV 



160 170 
QNYQVPLLSV YVQAANLMLS 



180 190 
VL RD VS VFGQ RW6F0 A AT IN 



200 

SRYNOLTRL I 



210. 

SNYTDHAVRW 

Y 
Y 
Y 

260 

OSPTYPIRTV 
R 
R 
R 

310 

NSITIYTDAH 
V 

R V 
360 

VAQL GOGVYR 



220 

YUTGLERVWG 



230 



24C 



270 

S0L7REIYTN 



H 

320 

RGEYYWSGMQ 
Y 

FN 
FN 

369 

TLSSTLYRR- 



SLT L IF P I 

SLT L IF PI 

408 418 

AVY RKSGTVO SL OEIPPONN 

T2 OR V Q 

TI OR V D 

458 468 
RAPMFSWTHR SAEFNNIIPS 

A 

T 0 

T 0 

SC8 5T5 

SL RR TSPGO I STLR VNI 

U/ LN S NN ION ST IVP 



PDSRDWIRYN QFRRELTLTV 

V 
V 
V 

280 290 
P VL ENFDGSF RGSAQG I EGS 

R 

M R QN 
At R ON 
330 340 
IMASPVGFSG PEFTFPLTGT 



250 

LDIVSLFPNT 
A 

A S 
A S 
300 

IRSPHLMQIL 

0 
0 

350 

MGNAA POOR! 



A F N A 
A VF N A 



PV-L 



T 
T 



PFNTG INNOQ LSVLDGTEFA YGTSS-NLPS 



ILGS P 
ILGS P 



E F S 
E F S 
428 438 
NVPPROGFSH RLSHVSMFRS 



FASLTT 
FASLTT 

448 

GFSNSSVSJI 



S A T LSO AAGAVYTL— 

S A T LSO AAGAVYTL— 

478 488 498 

S02T0I PLTK STNLGSGTSV VKGPG FTGGD 

OS AV GNF FN - IS 

H 

523 533 543 

-TAPL-SORY RVRIRYASTT NLOFH TSIOG 

INF ST T / / PIHUtVNWGN 



553 563 573 583 593 

RPINOGNFSA 7MSSGSNL0S GSFRTVGFTT PFNFSNGSSV F7LSAHVFNS 
SS FSNTVP AT LO SO F YFE SA AFTS LG NIVGVRN SG 
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STRATEGY USED FOR THE POStTtO' 
NIN6 OF THE TOXIN SEME BEHIND 
THE X -P. PROAiOTOR. 



pBT200 

Hpal /Bal3l / BomHI- link/ 
BamHl/nif ligation 




PLASMID ADAPTOR 

pi.XS4 AATJJXCGGGgATCCGTCGAtt 

EcoRI Smal BomHI Saff PstI Hind HI XbaZ 

plXS? JAT TCCCS66A6A6CTCSATA TCSCATSC8ST iCCTPTASAA G 

EeoRT Smai Sael EcoRV SphI Kpnl Xbal 
AAGCT7VGGATCCGTCGACCTSCASAT CTSCTAGAG6TCSA 

Hindis BomHI Sail PstI Bglll 
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FIC.19. 

Construction of random BtB'NPTU fusions and Bt 2 dilutions 



p LB Km 25 



Delations 




Screen according to 
LSize (Ciol-Pttt) 

2. Production (Westornbht) 



pLB 820 
p LB 884 
pLB 879 
pLB 834 

Characterize ON A Sequencing - 

toxicity 



Fusions 



CCTCGA66 
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T4 Kinase 



T4 Ugase 
Xhot 

T4 Ugaso 



Seiect for 

Resistance to kanamycin 

Screon for 
-High Km R 

-Fusion point 
(Xhol~C*al) 



Specific 
activity 

Specific 
Toxicity 



1 

pLB Km 860 
pLB Km 865 

NPTI1 - SOP 

- MPTII- Assay (stability) 

• Westernbiot Cso/ubiiityJ 

- Toxicity 
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FIG. 21. 
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FIG.23. 



he UV5 ^SornHf-HindHI 



Const ruction of Bt: NPT II Cassettes 




Set I 



BamHl/Sat 



ptCmt 09/90 

Bam HI/ Sat 7 
pLKm 90 

Xbot/Sai 1/Klenow pat. /Bgfll- Uttor 



pUCm9f PHD 159 

Bompr 

BomHl/Kienow poL PLBKmW 

BqtH I / 



dgtn/BamHl 



U p&o 23'3 
2. pH0 100 



I —Asp728 / Ktenow pol/BgtU 

P L3Km13 pLKm9t 

Bgtll/NCQI 

Ddsl/Klsnom poi/BgtU lint**/ 
BmHl/Sael \ y BgtWNCCZ 




Bam Hi/Sad 

t pL8Km14 
t pLBKm23 

Z PLBKm 33 



Pfosmid 
pLSKm 13 

3L3Km23 



pL3Km33 



5' ends of ft* 8t2 germ 

GGAT ' CC C 1 GAT. . . 

*4 Bt2 

ggatcc cgtggta tctta a ttaaaagagatg 

gaggtaactt'atg'gat ... 

♦/ 8t2 

ggatcc cgtaa ctt'atg *ga r. . 

Sarrtil +f Bt2 



Purpose 

fusion at initiator 
A7G 

Expression in £ co/f 



fusion ptant 
promoter 
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23*3+<NF72 
36C = 8f'NPT360 

3€5=8t'NPT365 

,VF7= NPT H inrac~ 

,Vr* ' - zanrrci extrccr 
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FIG.27. 

Adaption of Bt2 and SfNPTH cassettes for expression in plant ceils* 
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FIG.29. 
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BamHI 

PL GV2382 > Her wo- Estreila et at, (I983)EMB0J,2,98? 




derived from ?GV83l (DeBlaere et a/ r 1985 ) 

P/tos* bp 8amHI- Be/ I fragment of pLGV23 
3'acs*7Q6 bp PVUII fragment of oes in Hpal site of pGV83l 
4*T-DNA 8order 
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FIG.33E. 

Expression victor pGV874 * 




- Pnos fragment is the ScAT- Bom HI "fragment from pLGV2382 
(Herrero-Estreito et cL t EM80 J. f 2, 987 f 1983). 

fragment is the 687 bo TaQf—HindHI fragments 
from the nos gene. fDe Picker et aL f J.M.A.&, J, 56/, 1982). 
-"Sm-Sp* is the 2.3 Kb Hind iZT /Bom HI fragment from R?Q2. 
—The remaining of the vector is p BR 322, 
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FIG.34-. 
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FIG.36. 
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FIG. 37 B. 



Supernatant H* 

-Acid precipitation* bring pH down slowly to 4 J by adding dropwise 

I lit HCf 

-Incubate for 30 min at 0*C 

-Centrifuge 10 f 000 rpm 9 30 min 

-Wash once with cold distilled H^O 

-Resuspend pellet in small volume of butter* Na^CO^ 

pH JO 50 mM DTT 5 mM PMFS ai7mg/ml 
-Incubate for 1 A at 0*C, while regularly resuspend Ing 
—Centrifuge I In Eppendor f ) 



supernatant 9 fraction H 



P*Uet H ' 

-Resuspend In 25 ml extraction buffer containing* 

2% SOS 

No 2 CO 3 pH 10 WOmM 
DTT 10 mM 

and agitate for 15 min 

-Centrifuge 13,000 rpm f 30 min 

- Supernatant acetone precipitation* 

mix with 9 volumes of acetone 1/40 vol 1 MHCI 
—Incubate overnight at -20 m C 
-Centrifuge 13,000 rpm 9 20 min 
—Resuspend pellet in small volume of buffer 




canraining 




\ N<*2 C0 3 ? HT0 100mM 
{ DTT JOmM 



end boil for 
-Centrifuge — 



iO min 

* sup * fraction HI 
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FIG 3 9. 
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